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PREFATORY NOTE. 


Till* material cuntained in this work appeared sev- 
eral years ago in serial form in the American Perfumer 
and Essential Oil Review. Owing to the numerous re- 
quests received, it has been decided to now place before 
‘those iiiUTestcd, thc.se articles in book form. While it 
is^ true that the works pertaining to the soapniaking 
industry arc reasonably plentiful, books arc quite rare, 
however, which, in a brief volume, will clearly outline 
the processes employed together with the neces- 
sary. methods of analyses from a purely practical 
standpoint. In the work presented the author has 
attempted to briefly, clearl}^ and fully explain the 
manufacture of soap in such language that it might be 
understood by all those interested in this industry. In 
many cases the smaller plants find it necessary to dis- 
pense with the service.^ of a chemist, so that it i.s neces- 
sar3’ for the soapmaker to make his own tests. The 
tests outlined, therefore, arc given as simple as possi- 
ble to meet this condition. The fonmilac submitted 
are authentic, and in many cases arc now being used 
in soapmaking. $ 

In taking up the industry for survey it has been thought 
desirable to first mention and describe the raw materials 
used; second, to outline the processes of inanu- 
facturef third, to classify the methods and illustralr 
by formulae the composition of various soaps together 
with their mode of manufacture ; fourth, to enumerate the 
various methods of glycerine recovery, including the 
processes of saponi^a^on, and, fifth, to give the most im- 
portant analytical meWW% which are orf value to control 
Ul 



the process of manufacture and to determine the purity 
and htness of the raw material entering into it. 

It is not the intention of the author to go into great 
detail in this work, nor to outline to any great extent the 
theoretical side of the subject, but rather to make the work 
as brief as possible, keeping the practical side of the sub- 
ject before him and not going into concise descriptions of 
machinery as is very usual in works on this subject. 
Illustrations are merely added to sliow typical kind.s 
of machinery used. 

The author wishes to take this opportunity of thank-' 
ing Messrs. L. S. Levy and E. W. Drew for the reading 
of proof, and Mr. C. W. Aiken of the Ihuicliin-.'Viken Co., 
for his aid in making the illn^lrali(>tls a sncec.ss, as 
well as others who ha\e eouirihiited m the compil- 
ing of the formulae for \arious soaps. He trusts that 
this work may prove of value to those engaged in soap 
manufacture. 

H. G. T. 

January, 1922 
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CHAPTER I 

Raw Materials Used in Soap Making. 

Soap is ordinarily thought of as the common cleansing 
agent well known to everyone. In a general and strictly 
chemical sense this term is applied to the salts of the non- 
volatile fatty acids. 'Ihese salts are not only those formed 
iiy the alkali metals, sodium and potassium, but also those 
formed by the heavy metals and alkaline earths. Thus 
we have the insoluble soaps of lime and magnesia formed 
when we attempt to wa.sh in “hard water"; again alum- 
inum soaps are u.scd extensively in polishing materials 
and to thicken lubricating oils; aiuiiKmia or “benzine" 
soaps arc employed among the dry cleaners. Commonly, 
however, when w'c speak of soap wc limit it to the sodium 
or pola.ssium salt of a higher fatly acid. * 

It is very generally known that soap is made by com- 
bining a fat or oil with a water .solniion of sodium h3'drox- 
idc ‘caustic wula lye'), or potassium hydroxide (caustic 
potash). Sodium soaps arc always harder than potassium 
sz- aps, provided the same fat or oil is u.sed in both cases. 

The detergent projicrtics of soap are due to the fact 
that it arts as an alkali regulator, that is, when water 
comes into contact with soap, it undergoes wdiat is called 
hydrolytic dissociation. This means that it is broken 
down^by water into other substances. Just what these 
Mibstances are is .subject to controversy, though it is pre- 
sumed caustic alkali and the acid alkali salt of the fatty 
acids arc jormed. ^ 

OILS AND FATS. 

There is no sharp distinction between fat tfhd oil. By 
“oil" the layman has the impression of a liquid which at 
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warm temperature will flow as a* slippery, lubricating, vis- 
cous fluid; by “fat” he understands a greasy, solid sub- 
stance unctuous to the touch It thus becomes necessary 
to differentiate the oils and fats used in the manufacture 
of soap. 

InasrntKli a.s a .soap the alkali salt of a faM> acid, liie 
oil or fat from which soap is made must have us a con- 
stituent part, these fatty acids. Hydrocarbon oils or par- 
affines, included in the term “oil,” are thus useless in the 
process of soap-making, as far as entering into chemical 
combination with the caustic alkalis is concerned. The 
oils and fats which form soap arc those which are a com- 
bination of fatty acids and glycerine, the glycerine being 
obtained as a by-product to the soap-making industry. 

NAIUaE OF A F.M OR OIL USED IN SOAP MANUFACTURE. 

Glycerine, being a tryhydric alcohol, has three atoms of 
l^drogcn which are replaceable by three univalent radicals 
of the higher members of the fatty acids, c. g., 

OH OR 

C, H. OH -h 3 ROH C, H, OR -P 3 H,0 
OH OR 

Glycerine plus 3 Fatty Alcohols equals Fat or Oil plus 
3 Water. 

Thus three fatty acid radicals combine with one glycer- 
ine to form a true titutral oil or fat which are called 
triglycerides. The fatly acids which most commonly en- 
ter into combination of fats and oils are lauric, myristic, 
palmitic, stearic and oleic acids and form the ncutftil oils 
or triglycerides derived from these, e. g., stearin, palmatin, 
olein. Mono and diglyccriJes arc also* present in fats. 

SAPONIFICATION DEFINED. 

When a fat or oil enters into chemical combination with 
one of caustic hydrates in the p’rl’sence of water, the 
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process is called "saponification” and the new compound! 
formed are soap and glycerine, thus: 

OR 0)1 

C.H, OR f 3 NaUH zr. C,H.011 [- 3 NaOR 
OR 01 r 

Fat or Oil plus 3 Sodium equals Glycerine plus 

3 Soap 

It is by this reaction almost all of the soap used today 
is made. ' \ 

• I’here ar^ also other means of saponification, aA ' ‘he 
hydrolysis of an oil or fat by the action of hydrochloric 
or .sulfuric acid, by aut«H*lavc and by ferments or en- 
zymes. Ily these latter processes the fatty acids and 
glycerine arc obtained directly, no soap being formed. 

FATS AND OILS U.SED IN SOAP MANUFACTURE. 

The various and most important oils and fats used \n 
the manufacture of soap are, tallow, cocoanut oil, palm 
oil, olive oil, poppy oil, sesame oil, soya bean oil, cotton- 
seed oil, corn oil and the various greases. Besides these 
the fatty acids, stearic, red oil (oleic acid) are more or 
less exten.sively used. These oils, fats and fatty acids, 
while they vary from time to time and to some extent as 
to their color, odor and consistency, can readily be distin- 
guished by various physical and chemical constants. 

Much can be learned by one, who through continued 
acquaintance with these oils has thoroughly familiarized 
himself with the indications of a good or bad oil, by 
taste,*smell, feci and appearance. It is, however, not well 
for the manufacturer in purchasing to depend entirely upon 
these simpler testa Since he is interested in the yield of 
glycerine, the largest possible yield of soap per pound of 
soap stock and the general body and appearance of the 
finished product, the chemical tests upon which these de- 
3 
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jHiid sliould Ik; made. 'J’hose e.specially important arc tlic 
add value, percentage iiii.saponiriable matter and titer te.st. 

A short description of the various oils and fats men- 
tioned is sufficient for their use in the soap industry. 

Tallow is the name given to the fat extracted from the 
solid fat or “suet” of cattle, sheep or horses. The quality 
varies greatly, depending upon the seasons of the year, 
the food and age of the animal and the method of ren- 
dering. It comes to the market under the distinction of 
edible and inedible, a further distinction being made in 
commerce as beef tallow, mutton tallow or horse tallow 
The better quality is white and blcache.s whiter upon ex> 
posure to air and light, though it usually has a yellowM’.sh 
tint, a well dciiued grain and a clean odor. It consist^ 
chiefly of stearin, palinitin and olein. Tallow is by far the 
most extcn.sively used ami important fat in the making 
oi soap. 

In the manufacture of soaps for toilet purposes, it is 
usually necessary to produce as white a product as pos- 
sible. In order to do this it often is necessary to bleach 
the tallow before saponification. The method usually em- 
ployed is the Fuller’s Earth process. 

fuller’s r.ARTH PROCESS FOR BLE.ACIIINC TALLOW'. 

From one to two toife of tallow arc melted out into the 
bleaching tank. This lank is jacketed, made of iron and 
provided with a good agitator designed to stir up sediment 
or a coil provided with tangential dowmward opening per- 
forations and a draw-off cock at the bottom The joil is 
the far simpler arrangement, more cleanly and less likely 
to cause trouble. By "this arrangenujpt compressed air 
which is really essential in the utili/ation of the press 
fsec later)* is utilized for agitation. \ <lrv '^leani coil in 
an ordinary tank may be emplojed in '^daee of a jai'kcted 
tank, which lessetas the cost of installatioa 
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writer!* claim that glycerine 
*iil. The writer has washed- 
aiial}/e(j the vvasli water for 
that the aflu>uiit present did nut 
soap riiaker.s do not attempt to 
from tiiis oil. when used alone, for soap 
'J'liere arc several grade.-* of palm oil in 
in toilet sr»ap making it is advisable to utilize 
palm oil, which is the be.st grade. Wh^e it is 
niaintain the color of the soap ihi.s /)il produces, a 
«|iiamit> ul the lower or “hrass” giade of ifahii oil may be 
used, as the soap made from the belter grades of oil 
gradually bleaches and loses its orange yellow colc- 
J’alni oil prodiici’S a crunihly so.ij) which cannot readily 
he milled and is termed ‘'short.*' When used with tallow 
and coco.'inut oil, or 20 to 25 per cent, cocoanul oil, 
produce.-* a very .satisfactory toilet soap. In the saiKmid- 
cation of palm oil it i.s not advisable to combine it with 
tallov/ in the kettle, as the two do not readily mix. 

.Since the Imi.shed .soap has conveyed In it the orange 
C(ti(^r of the oil, the oil is hleachwl before saponification. 
t).\idalioii le.idih deslrojs the coloring matter, while heat 
and light a.ssist materially. The methods generally em- 
ployed arc by the of oxygen developed by bichromates 
and hydrochloric acid and the direct bleaching through 
the agency of the (•xygen of the air. 

CHROME BLEACHING 01 - PALM OIL. 

Tdie chrome process of bleaching palm oil is more rapid 
and the oxygen thus derived being more active will bleach 
oils which air alone not. It depends upon the reaction : 

.N'asCrA 1 = CrXl. + 2XaCl 70. 
in which the ^ a is the active principle. In pcactice it 
is found 111. ..ry trt ilsc an excess of acid over that 
theoretically indicat iaifa 
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hould be chosen containing 
d a low percentage of free 
ted to these requirements, 
from a jet introduced 
iloiTand condensed water run- 
ough two sieves (about inch 
rous material and gross impurities 
ontains fine earthy and fibrous ma- 
terial and vegetable albuminous matter which should be 
removed, as far as po.ssible, since chemicals arc wasted in 
their oxidation and they retard the bleaching. This is best 
done by boiling the oil for one hour with wet steam and 

10 per cent, solution of common salt (2 per cent, dry salt 
on weight of oil used) in a lead-lined or wooden tank 
After settling over night the brine and impurities arc re- 
ilioved by running from a cocl(PI the bottom nf the vat 
and the oil is run out into the bleaching tank through an 

011 cock, situated about seven inches from the bottom. 

The blenching lank is a lead-lined iron tank of the ap- 
proximate dimensions of -I feet deep, 4 feet b>ng and 
3j'j feet wide, holding about 1 ’ tons 'I’hc charge 
is one ton. A leaden outlet pipe is fixed at the bottom, to 
which is attached a rubber tube closed by a screw clip, A 
plug al.so is fitted in,*o the lead outlet pipe from above 
Seven inchc.s above the lower outlet is affixed another tap 
through which the oil i.s drawn off. 

The tank i.s further equipped with a wet .steam coil and .i 
coil arranged to albnv thorough air agitation, both coils 
being of lead. A good arrangement is to use one coil to 
deliver cither air or .sieam. Thc.se coils should extend a? 
nearly as pos.sihic over the entire boltom of the tank and 
have a number of small »Iownward perforations, so as to 
spread the agitation throughout the mass. 

The temperature of the oil is reduced bv pa.ssing in aii 
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l(j 110^ F. and 4(J pounds (»f fine common salt per ton added 
through a sieve. About one-half of the acid (40 pounds 
of concentrated commercial hydrochloric acid) is now 
poured in and this is followed by the sodium bichromate 
in concentrated solution, previously prepared in a small 
lead vat or earthen vessel by dissolving 17 pounds of bi- 
chromate in 45 pounds commercial hydrochloric acid. This 
solution should be added slowly and should occupy three 
hours, the whole mass being thoroughly agitated with aii 
during the addition and for one hour after the last of the 
bleaching mixture has been introduced. The w'holc mix- 
ture is now allowed to settle for one hour and the ex- 
hausted chrome liquors arc then run off from the lowei 
pipe to a waste tank. About 40 gallons of water arc now 
run into the bleacbcd oil and the temperature raised b> 
open steam to 150“ to 160" F. The mass is then allowed 
to settle over night. 

One such wash is sufliciciit to remove the spent chrome 
liquor completely, provided ample time is allowed foi 
settling. number of washings given successively with 
short periods of settling do not remove the chrome liquors 
effectually. The success of the operation depends en- 
tirely upon the rompletcnc.‘;s of settling. 

The wadi water is drawn off a* before and the clear 
nil run to storage tanks or to the .soap kettle through the 
upper oil rock. 

The wa.ste liquors are hoiled with wet steam and the oil 
skinflned from the surface, after which the liquors are run 
out through an oil trap. 

Ry following tife above instructions carefully it is pos- 
sible to bleach one ton of palm oil with 17 pounds of bi- 
chromate of soda and 85 pounds hydrochloric acid. 

The spem liquors should he a bright green colo^. Should 
they be of a yellow* or brownish shade insufficient acid has 
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been allowed and more must be added to render the whole 
of the oxygen available. 

If low grade oils are being treated more chrome will be 
necessary, the amount being best judged by conducting the 
operation as usual and after the addition of tlie bichro- 
mate, removing a sample of the oil, washing the sample 
and noting the color of a rapidly cooled sample. 

A little practice will enable the operator to judge the . 
correspondence between the color to be removed and the 
amount of bleaching mixture to be added. 

To obtain success with this process the method of work- 
ing given must be adhered to even in the smallest detail. 
This applies to the temperature at which each operation 
is carried out particularly. 

AIR BLEACHING OF PALM OIL, 

*The method of conducting this process is identical with 
the chrome process to the point where the hydrocldoric acid 
is to be added to the oil. In thus method no acid or 
chrome is necessary, as the active bleaching agent is the 
oxygen of the air. 

The equipment is .similar to that of the former process, 
except that a wooden tank in which no iron is exposed will 
suffice to bleach the oil in. The process depends in rapid- 
ity upon the amount bf air blown through the oil and its 
even distribution. Iron should not be present or exposed 
to the oil during bleaching, as it retards the process con- 
siderably. 

After the impurities have been removed, as outlined 
under the chrome process, the- temperature of the oil is 
raised by open steam to boiling. The steam is then shut 
off and air allowed to blow through the oil until it is com- 
pletely bleached, the temperature being maintained above 
150" F. V occasionally passing in steam. Usually a ton 
of oil ii readily 'and completely bleached after the air has 
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been passed through it for 18 to 20 hours, provided the 
oil is thoroughly agitated by a sufficient flow of air. 

If the the oil has been allowed to settle over night, it is 
advisable to run olT the condensed water and impurities 
by the lower cock before agitating again the second day. 

When the oil has been bleached to the desired color, 
which can be determined by removing a sample and cool- 
ing, the mass is allowed to settle, the water run off to a 
waste tank from which any oil carried along may be 
skimmed off and the supernatant clear oil run to the stor- 
age or soap kettle. 

In bleaching by this process, while the process consumes 
more time ami is not as efficient in bleaching the lower 
grade oils, the cost of bleaching is less and with a good 
oil success is more probable, as lliore is no possibility of 
any of the clironie liquors being present in the oil. These 
give the bleached oil a green tint when the chrome method 
is impropirly eoiuUuled and they arc not removed. 

Instead of iilowing the air through it, the heater oil may 
be brou;.*lii into c«»iuact with the air, cither by a paddle 
wheel arrangv ineiil. wbieli, in constantly turning, brings 
the oil into coniaci uitli the air, or by pumping 
the heated oil into an elevated vessel, pierced with numer- 
ous line hole', from which the oil •ontimuisly flows back 
into the vessel from which the oil is pumped. While in 
these methods air. light and heat act simultaneously in the 
bleaching of llic oil, the equipment required is too cum- 
bcrs<Rue to be practical. 

Recent investigations' in bleaching palm oil by oxygen 
have shown that tsot only the coloring matter hut the oil 
itself was affected. In bleaching palm oil for 30 hours 
with air the free fatty acid content rose and titer decreased 
considerably. 

’Sciftnui' dei Zeil, 1913, 40, ji. 687, 724, 740, 
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Olive Oilj which comes irom the fruit of the olive trees, 
varies greatly in quality, according to the metiiod by whicii 
it is obtained and according to the tree bearing the fruit. 
Three hundred varieties are known in Italy alone. Since 
the larger portion of olive oil is used for edible purposes, 
a lower grade, denatured oil, denatured because of the 
tariff, is used for soap manufacture in this country. The 
oil varies in color from pale green to golden yellow. '1 he 
percentage of free acid in this oil varies greatly, though the 
oil does not turn rancid easily. It is used mainly in the 
manufacture of white castile soap. 

Olive oil foots, which is the oil extracted by solvents after 
the better oil is expressed, finds its use in soap making 
mostly in textile soaps for washing and dyeing silks and 
in the production of green castile soaps. 

Other oils, as poppy seed oil, sesame oil, cottonseed oil, 
rape oil, peanut (arachis) oil, are used as adulterants for 
olive oil, also as substitutes in the manufacture of castile 
soap, since they arc cheaper than olive oil. 

Cotlopiseed Oil is largely used in the manufacture of 
floating and laundry soaps. It may he used for toilet 
soaps where a white color is not desired, as yellow spots 
appear on a finished soap in which it has been used after 
having been in .stock a^^hort time. 

Com Oil and Soya Bean Oil are also used to a slight ex- 
tent in the manufacture of toilet soaps, although the oils 
form a soap of very little body. Their soaps also spot 
yellow on aging. * 

Com oil finds its grptest use in the manufacture of 
soap for washing automobiles It is furllier employed for 
the manufacture of cheap liquid soaps. 

Fatly Acids are also used extensively in soap manufac- 
ture. While the soap manufacturer prefers to use a neutral 
oil or fat, since from these the by-product glycerine is 
14 
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tiblaiijcil, circuuiMtaiiccs arijsc where it Im an advantage to 
use the free fatty acids. Red oil (oleic acid, elaine) and 
stearic acid are the two fatty acids most generally bought 
for soap making. In plants using the Twitchcll process, 
which consists in splitting the neutral fats and oils into 
fatty acids and glycerine by dilute sulphuric acid and pro- 
ducing their final separation by the use of so-called aromatic 
sulphonic acids, these fatty acids consisting of a mixture of 
oleic, stearic, palmitic acitls, etc., are used directly after 
having been purified by distillation, the glycerine being ob- 
tained from evaporating the wash water. 

Oleic acid (red oil) and stearic acid are obtained usual- 
ly by the sapouilicalion of oil.s, fats and greases by acid, 
luue or water under pressure or Twitchelling. The 
tail) acids thus arc fried from their combination with 
ghcerinc and solidify upon cooling, after which they are 
separated from the water and pressed at a higher or lower 
temperature, Ihe oleic acid, being liquid at ordinary 
temperature, together with some stearic and palmitic acid, 
IS tints pressed out. These latter acids are usually sepa- 
rated by distillation, combined with the press cake further 
purined and sold as stearic acid. 

'I hc red oil, sometimes called saponified red oil, is often 
Mini-solid, resembling a .soft tallow,# due to the presence 
.if .stearic acid. The distilled oils are usually clear, vary- 
ing in color from light to a deep b.rowu. Stearic acid, 
which reaches the trade in slab fdrm, varies in quality 
from ^ soft brown, greasy, crumbly solid of unpleasant 
odor to a snow white, wax-like, hard, odorless mass. The 
quality of stearic aiid is best judged by the melting point, 
since the presence of any oleic acid lowers this. The melt- 
ing point of the varieties used in soap manufacture usually 
ranges from 128” to 132® F. Red oil is used in tH^ manu- 
facture of textile soaps, replacing olive oif foots soap foi 
IS 
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this purpose, chlorophyll being used to color the soap 
green. Stearic acid, being the hard firm fatty acid, may be 
used ill small quantities to give a better grade of soap body 
and finish. In adding this substance it should always 
be done in the crutclier. as it will not mix in the kettle. 
It finds its largest use for soap, however, in the manu- 
facture of shaving soaps and shaving creams, since it 
produces tlie non-drying cuMtny lather so greatly desired 
for this purpose. Ijolli red oil and .stearic acid being fatty 
acids, readily unite with the alkali carbonates, carbon diox- 
ide being formed in the reaction and tliis method is ex- 
tensively used in the formation of soap from them. 

RANCIDITY OF OILS AND FATS. 

Rancidity in neutral oils and fats is one of the problems 
the soap manufacturer has to contend with. 'Ihe mere 
saying that an pil is rancitl is no indication of its being 
high in free acid. The two terms rancidity and acidity are 
Ubually allied, honiicrly, the acidity of a fat was looked 
upon a.s the diiect triea.sure of its rancidity. This idea is 
still prevalent in practice and cannot be too often staled 
as incorrect. Fal.^. and oils may be acid, (.ir ritncid, or acid 
and rancid, in an acid fat llicre has been a hydrolysis of 
the fat and it has developed a rather high percentage of 
free acid. A rancid ^fat is (au- in uhich have been de- 
veloped compounds of an o<loriferous nature. An acid and 
rancid fat is one in which both free acid and organic com- 
pounds of the well known disagreeable odors have been 
produced. 

It cannot be definitely stated just how this rancidity 
ta1cc.s place, any more than just wha^ are the chemical 
products causing rancidity. The only conclusion that one 
may draw is that the fats arc first hydrolyzed or split up 
into glycerine and free fatty acids. This is followed by 
•an oxidation of the products thus formed. 
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Moisture, air, light, enzymes (organized ferments) and 
bacteria are all given as causes of rancidity. 

It seems very probable that the initial splitting of the 
fats is caused by enzymes, which arc present in the seeds 
and fruits of the vegetable oils and tissue of animal fats, 
in the presence of nioi^Jlure. Lewkowitsch strongly em- 
phasizes this point and he is substantiated in his idea by 
other authorities. Others hold that bacteria or micro- 
organi.sms are tlic cause of this hydrolysis, citing the fact 
that they have dated various micro-organisms from 
various fats and oil.N. The acceptance of the l>acterial ac- 
tion would explain the various methods of preservation of 
oils and fats by the use of antiseptic preparation.s. Tt can- 
not, however, be accepted as a certainty that bacteria cause 
the rancidity of fats. 

'Phe action of enzymes is a more probable explanation. 

The hydroly.‘'is of fats and oil.« is accelerated when they 
are allowed to remain for some time in the presence of 
organic non fnl.s. Thus, palm oil, lower grades of olive 
oil, and tallow, which ha^ been in contact with the animal 
tissue for a long time, all contain other nitrogenous matter 
and exhibit a larger percentage of free fatty acid than the 
oils and fats not containing such injpuritics. 

Granting this initial .‘splitting of the fat into free fatly 
acids and plycerine, this is not a .surticient explanation. The 
products thus formed mii.st lie acted upon by air and light. 
It is*by the action of these agents that there is a further 
action upon the products, and from llii^ oxidation we as- 
certain by taste at^l smell (chcmic^ means arc still unable 
to define rancidity) wlicihcr or not a fat is rancid. While 
some authorities have presumed to isolate some of these 
products causing rancidity, w'e can only assume thtf presence 
of the various possible compounds produced by the actioiv 
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of air and liglit which include o\y fatty acids, lactones, al> 
cohols, esters, aldehydes and other products. 

The soap manufacturer is interested in rancidity to the 
extent of the effect upon the hiiished soap. Rancid fats 
form darker soaps than fats in the neutral slate, and very 
often carry with them the disagreeable odor of a rancid oil. 
Further, a rancid fat or oil is usually high in free acid. It 
is by no means true, however, that rancidity is a meas- 
ure for acidity, for as has already been pointed out, .in 
oil may be rancid and not high in free acid. 

The percentage of free fatty acid is of even greater 
importance in the soap industry. The amount of gl}ceriiie 
yield is dependent upon the percentage of free fatty acid 
and is one of the critcrions of a good fat or oil for soap 
stock. 

mVE.VTlON or RANClDl'iV. 

Since moistuie, air, light and cn/ymis. produced by the 
presence of organic impurities, aie neccs.sary for the ran- 
cidity of a fat or oil, the methods of preventing rancidity 
are given. Complete dryness, compUtc purification of fats 
and oils and sioragc without access of air or light are de- 
sirable. Simijle as lliese means may seem, tliey can only 
be api)ro-\imate<l in praciice. The most difficult problem is 
the removal of tin- lasts trace of moisiurc. Impurities may 
be lessened very (>fltn by the use of greater care. In stor- 
ing it is well t't .store in ch>scd bairels or closed iron 
tanks away from light, as it has been observed that oils 
and fats in closev! recej»laUes become rancid less ra|9idly 
than those in open ones, even though this method of stor- 
ing is only partially atlaniefl. I’reservatwes are also used, 
but only in edible product.s, where theii effectiveness is an 
open question. 

♦chemical coh.stant.s Oh oji.s a.np fats. 

Besides the various physical properties of oils and fats, 
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such us color, specific gravity, melting point, solubility, etc., 
they may be distinguished chemically by a number of 
chemical constanis. These arc the iodine number, the acetyl 
value, saponification number, Reichert-MeissI number for 
volatile acids, Hehncr number for insoluble acids. These 
constants, while they vary somewhat with any particular 
oil or fat, are more applicable to the edible products and 
lue critcrions where any adulteration of fat or oil is sus- 
pected. 'I'he methods of carrying out the analyses of oils 
'amr fats to obtain these constanis arc given in the various 
texts* on oils and fats, and inasmuch as they are not of 
great importance to the soap industry they arc merely men- 
tioned here. 

OIL n.NHDENING OR IIVURCGENATINC. 

It is \cvy well known that oils and fats vary in con- 
sistency and hardness. d«*peudiiig ui)on the glycerides 
hjrming .same. Olein, a combination of oleic acid and 
glycerine, as well as oleic acid itself largely forms the 
l)ijui»l portion of oils and fat). Oleic acid (QjHmO,) is in 
unsaturated acid and differs from stearic acid CuHwO,), 
the acid forming the hard firm portion of oils and fats, 
hy containing two atoms of hydrogen less in the molc- 
.'ule. Tlieoretically it should be a sir^le matter to intro- 
Incc h\o atoms of hydrogen into oleic acid or olein, and 
by this mere addition convert liquid oleic acid and olein 
into Solid stearic acid and stearine, 

I'or *cars ibi.s was attempted and all attempts to apply 
the well known methods of reduction (addition of hydro- 
gen) in organic ch^emistry, such as treatment with tin 
an<l acid, sodium amalgam, etc., were unsuccessful. In 
recent year.s, however, it has been di.seovcred that in the 
pi (‘.sem e of a catalyzer, nickel in finely divide^ form 

~*Official Methods, see Bull. 107, A. O. A. C, U. J5. Dept. Agricult 
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or the oxides of nickel are usually employed, the process 
of hydrogenating an oil is readily attained upon a prac- 
tical basis. 

The introduction of hardened oils has opened a new 
source of raw material for the soap manufacturer in 
that it is now possilde to use oils in soap making whicli 
were formerly discarded because of their undesirable 
odors. Tims fish or train oils which had up to the time 
of oil hydrogenating resisted all attempts of being per-’ 
manently deodorized, can now be emi)loyed very satis- 
factorily for soap manufacture. .-X Japanese clicmist. 
Tsujimoto* has shown that fish oils ct»niain an nnsalu- 
rated acid of the composition for which he pro- 

posed the name clupanoihmic acid, lly the catalytic hard- 
ening of train oils this acid pas.se.s to .stearic aciil and the 
problem of deodorizing these oils is solved.* 

At first the introduction of hardened oils for .soap 
manufacture met v.ith nnintrous objections, due to ilie 
continual failures of ('biaitiing .a satisfactory product by 
the use of same. X’arioiis attempts have now shown that 
these oils, particularly hardened train oils, produce 
extraordinarily useful materials for .soap making, Thc.se 
r<-]dace exj.rtisivc tallow and other high melting oils. It 
is of cour.se irnpossiWo to emid'.y hardened oils alone, a.': 
a soap so hard would thus be obtained that it would 
be difficultly soluble in water and possess very little lather- 
ing quality. By the addition of 20-35'r of tallow oil or 
some other oil forming a soft soap a very suitabl? soap 
for household use may be obtained. Ribot^ discusses this 
matter fully. Hardened oils readil\* saponify, may be 

*Journ. CotJ. of F.t:sin. Tokyo Impor. rrsiv. r}906}, p. 1. Abs, 
Chem. Rrviie f. d. Feft-ti. Hart, Tmt. 16, 84; 20, p. 8. 

yethfiin — Fort, dor ('lictn., Plivo'k. und Physik. Chem. (1913), 
8, 6. n. 293-307. 

■Seifs. Ztg. (1913), 40, p. 142. 
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perfumed without any objections and do not impart any 
fishy odor to an article washed with same. Meyerhcim* 
states that through the use of hydrogenated oils the hard- 
ness of soap is extraordinarily raised, so tliat soap made 
from hardened cottonseed oil is twelve times as hard as 
the soap made from ordinary cottonseed oil. This soap 
is also said to no longer spot yellow upon aging, and a*' 
a consequence of its hardness, is able to contain a con- 
‘siderably higher content of rosin through which lather- 
* ing* power and odor may be improved. Hardened .oils 
can easily he used for toilet soap bases, provided they 
arc not added in too great a percentage. 

l‘he use of har<lcned oils is not yet general, but there 
is little doubt that the introduction of this process goes a 
long way toward solving the problem of cheaper soap 
material for the coap making industry. 

GREASE. 

Grease varies so greatly in comimsiiion and consistency 
that it can hardly be classed as a distinctive oil or fat. 
It is obtained fnmi refuse, bones, hides, etc., and while 
it contains tlie same constituents a.s tallow, the olein con- 
tent is considerably greater, which causes it to be more 
liquid in conqiosition. Grease differs in coh^r from an 
nff-whitc to a dark brown. The better qualities are em- 
ployed in the manufacture of laundry and chip soap, 
while tlie poorer qualities are only fit for the cheapest of 
soaps iised in scrubbing floors and such purposes. There 
is usually found in grease a considerable amount of gluey 
matter, lime and \jater. The pcroeniage of free fatty 
acid is generally high. 

The darker gradi*s of grease are bleached before be- 
ing used. This is done by adding a small quantity of 
sodium nitrate to the melted grease and agitating, then 
cit. 
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rcmovinj^ tlic excess saltpeter liy decoiniKisini; with sul- 
phuric acid. A better method of renuiug. however, is by 
distillation. The chrome bleach is also applicable. 

ROSIN (colophony, YELLOW ROSIN, RESINA ). 

Rosin is the residue which remains after the distil- 
lation of turpentine from the various species of pines. 
The chief source of supply is in the States of Georgia 
North and South Carolina. It is a transparent, amber 
colored hard pul veri /able resin. The better grades ‘ are 
light in color and known as water white (w. w.) and 
window glass (w'. g). These are obtained from a tree 
which has been tapped f(»r the first year. \s the same 
trees are tapped frrun y(‘ar to year, the product becomes 
deeper and darker in color until it becomes almost black. 

The constituents of rosin are chiefly (80 90'r) abietic 
acid or its anhydride together with pinic and sylvic 
acids. Its specific gravity is 1.07-1.08, inthing point 
about 152.5 C. and it is soluble in alcohol, ctlier, benzine, 
carbon disulfide, oiK. alkalis and acetic acid. 'I he main use 
of rosin, our.side of the production eff varnishes, is in the 
production of laundry sf'aps. although a slight percentage 
acts as a binder ami fixalixe for perfinne.s in toilet soaps and 
adds to llu'ir ileter^ nt firoperlies. Since it is mainly com- 
posed of aci<l', it leadiih unilos with alk.ilmf carliOTialt ^ 
though the .s.'iponirimtion is no! ejuife complete and the 
last portion mu.^t h^‘ coinpir-ted through the use of cau.stic 
hydrates, unless an excess of 10^’f> carbonate o^er the 
thcoretir.il amount is used. A lyc of 20'’ II. is best 
adapted to the saponfilealion of rosin when caustic hydrates 
are employed for this purpose, since weak lyes cause 
frothing. WJiilc it i.s sometimes considered that rosin 
is an adulterant for soap, this is hardly justifiable, as it 
adds to the cleansing properties of soap. Soaps contain- 
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ing rosin are of the well known yellowish color common 
to ordinary laundry soaps. The price of rosin has so 
risen in the last few years that it presents a problem of 
cost to the soap manufacturer considering the price at 
which laundry soaps are sold. 

ROSIN SAPONIFICATION. 

As has been slated, rosin may be saponified by the use 
*)f alkaline carlx mates. On account of the possibility of 
the* soap frothing over, the kettle in which the operation 
takes place should be set flush with the floor, which 
ought to he construrted of cement. The kettle, itself is 
an open one with round bottom, equipped with an open 
steam coil and skimmer pipe, and the open portion is 
protected by a semi-circular Jftiil. A powerful grid, hav- 
ing a 3-inch mesh, covers one-half of the kettle, the 
.'iliarp edges pn*truding up\var<l'«. 

The sta\es irom the rosin casks arc removed at the 
edge of the kettle, the rosin placed on the grid and 
beaten through with a. hammer to break it up into small 
pieces. 

To saponify a ton of rosin there are required 200 lbs. 
soda ;mh. 1,(i00 ll»s. water and 100 lbs. salt. Half the 
isaler is nm into the kettle, hoiU'il, anc! then the soda a.sh 
■.rid hall the .salt added. "J he rovin is now added through 
the grid and the mixture thoroiyghly boiled. As carbon 
dioxide is evolved by the reaction the boiling is con 
finued*for one hour to remove any excess of this gas. A 
portion of the .salt is gradually added to grain Mie soap 
well and to keep tie mass in such itondition as to favor 
the cvoliili<n.i of gas. The remainder of the water is 
added to ch)sc the soap and boiling continued for one 
3r two hours longer. At this point the kettle ^lust be 
carefully watched or it will boil over through the further 


23 



SOAP-MAKfNU; MANUAL 


escape of carbon dioxide being hindered. The mass, 
being ill a frothy condition, will rapidly settle by con- 
trolling the flow of steam. The remaining salt is then 
scattered in an^the soap allowed to settle for.twf) hours 
or longer. The lyes are then drained off the top. 
Jf the rosin soap is required for toilet soaps, it is 
grained a second time. The soap is now boiled with 
the water caused Ijy the condcnsatifin of the stcani, which 
changes it to a half grained soap suitable for pumping. 
A soap thus made contains free soda ash 0.15'/i or less,- 
free rosin about 15 /L The ina.ss is then pumped to the 
kettle containing the soap to which it is to he added at 
the proper stage. The time c«‘iisimicd in thus saponifying 
rosin is about live hours. 

NAPJITJftMC ACIDS. 

The naphtha or crude petroleum the various prov- 
inces in I'.uropc, as Ku.sbia, (ialacia. .Alsace and Rou- 
mania yield a scries of botlii>, of aci<l character upon re- 
lining which are designated under the general name of 
naphtlicnlc acids. 'I'liesc acids arc retained in s'tlmion 
in the alkaline lyes ihniiig the distillannn of the naphtha 
In the form of alkaline iMphtluiialc.s- Upruj adding di- 
lute sulplmric aci*? to ihe'-c lyes the naphiheriatcs arc 
decomposed and llie naphiljcnic acids llo.U to the sur- 
face ill an oily layf** (d cliaracteristic <lisaejceal;Ie odor 
and \arying from yellow to brown m color’. In Russia 
partictrfarly large quantities of tbe.se acids are en^ploycd 
in the manufacture of soap. 

The soap.s formed* fr»om naphlhcnict acids have recently 
been invc.'stigatcd* and found to reseinblf the soaps made 
from cocoanut oil and palm kernel oi!, in that they are 

’ I rs Oraisses (1914), 7, 6^, p. 3J67. 

>Zeit. f. Angew. Chem. (1914), 27, 1, p. 2 4. 

24 



RAW MATERIALS 


difficult to salt out and dissociate very slightly with water, 
The latter property makes them valuable in textile in- 
dustries when a mild soap is required as a detergent, e. g., 
in the silk industry. These soaps also possess a high solvent 
power for mineral oils and emulsify very readily. The 
mean molecular weight of naphthenic acids themselves is 
very near that of the fatty acids contained in cocoanut 
oil, and like those of cocoanut oil a portion of the sepa- 
rated acids are volatile with steam. The iodine number 
indicates a small content of unsaturated acids. 

'I'hat naphthenic acids are a valuable soap material is 
now recogni/fd, hut except in Russia the soap is not 
manufactured to any extent at the present time. 

ALKALIS. 

The common alkali metals which enter into the for- 
mation of soap arc sodium and potassium. The hy- 
droxides of these metals arc usually used, except in the 
so called c'lrbonate saponification of free fatly acids in 
which case sodium and potassium carbonate are used. A 
water solution of the caustic alkalis is known as lye, rind 
it is as lyes of various strengths that they are added 
to oils niid fats to form soap. The density or weight of 
a l;c is Considerably greater than that of water, depend- 
ing ujion the amount of alkali disso’vcd, and its weighi 
IS usually determined by a hydrometer. This instrument is 
graduated by a standardized scale, and while all hydro- 
meter.*^ should read alike in a liquid of known specific- 
gravity, this is generally not the case, so that it is a(lvisable 
to check a new hydrometer for accurate work against one 
of known accuracy. In this country* the Baume scale has 
been adopted, while in England a different graduation 
known as the Twaddle scale is used. The strength of a 
lye or any solution is determined by the distanc| the in- 
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strumeiit sinks into the solution, and we speak of tlic 
strength of a solution as so many degrees Baume or Twad- 
dle w^hich are read to the point where the meniscus of the 
lye comes on the graduated scale. Hydrometers are 
graduated differently for liquids of different weights. In 
the testing of lyes one w'hich is graduated from O’* to 
SO® B. is usually employed. 

Caustic soda is received by the consumer in iron 
drums weighing approximately 700 lbs. each. The vari- 
ous grades are designated as 60, 70, 74, 76 and 77^>c\ 
These percentages refer to the percentage of sodium 
oxide (Na^O) in 1(X) parts of pure caustic soda formed 
by the combination of 77l4 parts of sodium oxi»le and 
22}4 parts of water, 77Yi*'/c being chemically pure caustic 
soda. There arc generally impurities present in com- 
mercial caustic soda. These coii.sist of .sodium carbonate, 
sodium chloride or comnuui salt and sometimes lime. It 
is manufactured by treating .codium carbonate in an iron 
vessel with calcium hydroxide or slaked lime, or by elec 
trolysis of common salt. The latter process has yet been 
unable to comjietc with the fi rmer in price. Formerly 
all the caustic soda used in snap making w’as imported, 
an'^ it was only through the American manufacturer 
using a similar container to that used by foreign manu- 
facturers that thcy*^werv able to introduce their product. 
This prejudice has now been entirely overcome and most 
of the caustic soda used in this country is manufactured 
here. 

< At. STIC IWASII. 

The output of the salts containing potassium is con- 
trolled almost entirely by nermany. I'ormcrly the chief 
.'oiirce of supjdy of potas.-^iiim compounds was from the 
burned ashes of plants, hut al>out fifty years ago the in- 
exhaustible salt mines of Stassfurt^ Germany, were dts- 
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covered. The salt there mined contains, besides the 
chlorides and sulphates of sodium, magnesium, calcium 
and other salts, considerable quantities of potassium 
chloride, and the Stassfurt mines at present are prac- 
tically the entire source of all potassium compounds, in 
spite of the fact that other localities have been sought 
to produce these compounds on a commercial basis, espe- 
cially by the United States government. 

• After separating the potassium chloride from the mag- 
‘ncsium chloride and other substances found in Stassfurt 
salts the methods of manufacture of caustic potash are 
identical to those of caustic soda. In this case, however, 
domestic electrolytic caustic potash may be purchased 
cheaper than the imported product and it gives results 
equal to those obtained by the use of the imported article, 
opinions to the contrary among soap makers being many. 
Most of the caustic potash in the United States is manu- 
factured at Niagara Falls by the Niagara Alkali Co., 
and the Hooker Electrochemical Co., chlorine being ob- 
tained as a by-product. The latter concern employs the 
Townsend Cell, for the manufacture of electrolytic pot- 
ash, and are said to have a capacity for making 64 tons 
of alkali daily. 

Since the molecular weight of caustic potash (56) is 
greater than that of caustic soda (40) more potash is 
required to saponify a pound of fat. The resulting potash 
soap is correspondingly heavier than a soda soap. When 
salt is* added to a potassium soap double decomposition 
occurs, the potassium soap being transformed to a so- 
dium soap and the potassium uniting with the chlorine to 
form potassium chloride. This was one of the earliest 
methods of making a hard soap, especially in Germany, 
where potash was derived from leeching ashes o( burned 
wood and plants. 
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SODIUM CARBONATE (bODA ASll). 

While carbonate of soda is widely distributed in na- 
ture the source of supply is entirely dependent upon the 
manufactured product. Its uses are many, but it is espe- 
cially important to the soap industry in the so called car- 
bonate saponilication of free fatty acids, as a constituent 
of soap powders, in the neutralization of glycerine lyes 
and as a filler for laundry soaps. 

The old h'rench Le Blanc soda iirocess, which consists 
in treating euinnion salt with sulphuric acid and reducing 
the sodium sulphate (salt cake) thus formed with car- 
bon in the form of charct»al or coke to sodium sulphide, 
which when treated with calcium carbonate yields a mix- 
ture of calcium sulphide and sodium carbonate t black ash; 
from which the carbonate is dissolved by water, has been 
replaced by the more recent Solvay ammonia soda process. 
Even though there is a considerable loss of salt and the by 
product calcium chloride produced by this process is onI> 
partiall> used up as a drying agent, and for refrigerating 
purposes, the 1-e Blanc process cannot compete with the 
Solvay process, so that the time is not far <listunt when 
the former will he considered a chemical curiosity. In 
the Solvay method of niamilacture Sodium chloride (com- 
mon .‘'.'dt ) and am’^iomuiii hicarhonaie are mixed in so- 
lution. l>(iubb‘ decn’iipositinii ocenr*; with the formation 
of ammonium ih]' ri<l(' and sodium birarliouate. 'I'he lat- 
ter .salt is eomparnti\el> difficultly soluble in water and 
crystalli?-'.'* out. ibe amri''niuni chloride runaining*in so- 
lution. When ibe vfidii.m bicurhrinale :s heated it yields 
sodium cai!; nale, carb'-n dioxide ;ftid water, the car 
bon dioxiile is pri'^cd int - ammrnia which i» set free from 
the ammonium chloride obtained as above by treatment 
with lime (calcium c-xide) calcium cliloridc being the by- 
product. 
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Sal soda or washing soda is obtained by rccrystallizing 
a solution of soda ash in water. Large crystals of sal 
soda containing but 37% sodium carbonate are formed. 

POTASSIUM CARBONATE. 

Potassium carbonate is not extensively used in the 
manufacture of soap. It may be used in the forming of 
.soft soaps by uniting it with free fatty acids. The meth- 
ods of manufacture are the same as ftr sodium carbonate, 
•although a ni.ich larger (juanlily of potassium carbonate 
than carbonate of S'»da is obtained from burned plant 
ashes. Purified potassium carbonate is known as pearl ash. 

AIJOITION.M. I'SJ-.I) l.N .SOAP MAKING. 

Water i.s indi.'^pen.sable to tbe s«iap manufacturer. In the 
j^oap facltiry hard water is often the c iusc of much trouble. 
Water, vhich is the Iicst solvent known, in passing through 
tlie crevices of rock.s dissolves some of rhe constituents 
of these, and the water is known as liatd. This hard- 
ness is of two kinds, temp, nary and permtinenl. Tem- 
po*, arily hard water is formed by water, wliich contam*^ 
carlionic acid, dissolving a portion of calcium carlvonate 
or carbonate of lime. Upon boiling, the carbonic acid is 
driven from ibc w'aler and llie carbonate, being insoluble 
:*i carbon dioxide free water, i.s deposited. This is the 
can.se of boiler scale, and to check this a small amount of 
sal amin iniac may be added to the water, which con- 
vert.s the carbonate into soluble calcium chloride and 
vfdatilc ammonium carbonate. Permanent hardness is 
caused by calcium sulphate which is soluble in 400 parts 
of water and cannot be removed by boiling. 

'J'he presence of these salts in water form insoluble lime 
soaps which act as inert bodies as far as their value for 
the common use of soap is concerned. Where 4he per- 
centage of lime in water is large this should be removed. 
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A method generally used is to add about S% of 20* B. 
sodium silicate to the hard water. This precipitates the 
lime and the water is then sufficiently pure to use. 

Salt, known as sodium chloride, is used to a large ex- 
tent in soap making for “salting out” the soap during 
saponification, as well as graining soaps. Soap ordinarily 
soluble in water is insoluble in a salt solution, use of 
which is made by adding salt to the soap which goes 
into solution and throws any soap dissolved in the lyes 
out of solution. Salt may contain magnesium and cal- 
cium chlorides, which of course are undesirable in large 
amounts. The products on the market, however, are 
satisfactory, thus no detail is necessary. 

Filling materials used arc sodium silicate, or water 
glass, talc, silex. pumice, starch, borax, tripoli. etc. 

Besides these other materials are used in the refining 
of the oils and fats, and glycerine recovery, such as 
Fuller’s earth, bichromates of soda or potash, sulphate of 
alumina, sulphuric and hydrochloric acids and alcohol. 

A lengthy description of thc.se substance.s is not given, 
as their modes of use are detailed elsewhere. 
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CHAPTER II 

Construction and Equipment of a Soap Plant. 

No fixed plan for the construction and equipment 
of a soap plant can bo given. The specifications for a 
soap factory to bo erected or remodeled must suit the 
particular cases. Very often a building which was con- 
structed for a puriifjse other than soap manufacture must 
be adapted for the production of soap. In either case 
It is a question of engineering and architecture, together 
with the knowledge obtained in practice and the final de- 
cision as to the arrangement is best solved by a confer- 
ence with those skilled in each of tliese branches. 

An ideal soap plant is one in which the process of soap 
making, from the melting out of the stock to the packing 
and shipping of ihe finished product, moves downward 
from floor to floor, since hy this method it is possible to 
utilize gravitation rather than pumping liquid fats and 
fluid soaps. Convenience and economy arc obtained by 
.such an arrangement. 

Tlic various machinery and other equipment for soap 
manufacture arc well known to those • connected with this 
o.dustry. It varies, of course, depending upon the kind 
of soap to be manufaclured, and full descriptions of the 
necessary machinery arc best given in the catalogs issued 
by the manufacturers of such equipment, who in this 
country arc most reliable. 

To know just what equipment necessary can very 
easily be described by a brief outline of the process vari- 
ous soaps undergo to produce the finished article. After 
the saponification has taken place in the soap kettle the 
molten soap is run directly into the soap frames, 
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which consist of an oblong compartment, holding any- 
where from 400 to 1,200 pounds, with removable steel 
sides and mounted upon trucks, in which it solidifies. In 
most cases it is advisable to first run tlic soap into a 
crutchcr or mixer which produces a more homogeneous 
mass than if tliis operation is omitted. Color and per- 
fume may also be added at this point, although when a 
better grade of perfume is added it must be remembered 
that there is considerable loss due to volatilization of 
same. When a dryiu^i machine is employed the molten 
soap is run directly upon the roller^ of this m.ieliim. 
later adding al)Out l.(Kr zinc oxidi- to the soup from 
which it passes contimunisly through the drying chamber 
and is emitted in chij) form ready for milling. After 
the soap has been framed, it is allowed to cool and 
solidify, which takes several days, and then the sides of 
the frame are stripped olf. 'Ihc large solid rake is cut with 
wires by hand or by a slabber into slabs of any desired 
size. These slabs are further di-vided into smaller di- 
visions by the cuttiuf: table In non-milled soa]»s (laun- 
■Iry soaps, fioating soaps, etc. >, these are pressed at lhi^ 
stage, usually by automatic presse.s. after a thin hard 
film has been formed o\er llu* cake by allowing il to drj 
slightly. In making these soaps they are not touched by 
hand at any time during the opeiation, the piessing. 
wrapping and packing all being done by machinery. I'or 
a milled soap the large slabs are cm into narrow ^oblong 
shapes by means of the cutting table to readily pass into 
the feeder of the clnpher. the cbipt being spread upon 
trays and dried in a dry house until the moisture content 
is approximately lS7f. 

The process of milling is accomplished by passing the 
dried snap chips through a soap mill, which is a machine 
consisting of usually three or four contiguous, snuioth. 
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granite rollers operated by a system of gears and set 
far enough apart to allow the soap to pass from a hopper 
to the I'lrst roller, from which it is constantly convey eil 
to eacli succeeding roller as a thin film, and finally 
scraped from' the last roller to fall into the milling box 
in thin ribbon form. These mills are often operated in 
tandem, which necessitates less handling of soap by the 
.c)pcrat«)r. The. object of milling is to give the soap a 
■glossy, smooth finish and to blend it into a homogeneous 
mftss. The perfume, color, medication or any other ma- 
terial desired arc added to the dried soap chips prior to 
milling. Some manufacturers use an amalgamator to 
distribute these uniformly through the soap, which elimi- 
nates at least one milling. When a white soap is being 
put through the mill, it is advisable to add from 
0.5% to of a good, fine quality of zinc oxide to the 
soap, if this substance has not been previously added.' 
Tliis serves to remove the yellowish cast and any trans- 
lucency occasioned hy plodding. Too great a quantity 
of this compound added, later exhibits itself by imparting 
to the soap a dead white appearance. Inasmuch as the 
milling process is one upon which the appearance of a 
finished cake of toilet soap largely depends, it should be 
carefully done. The number of tir.ics a soap should be 
milled depc nds upon the character of a soap being worked. 
It should of course be the object to mill with as high a 
parentage of moisture as possible. Should the soap be- 
come too dry it is advisable to add water directly, rather 
than wet soap, sinje water can more easily be distributed 
through the mass. As a general sfatement it may be said 
it is better policy to overmill a soap, rather than not mill 
it often enough. 

After the soap has been thoroughly milled ij is ready 
for plodding. A plodder is so tonstructed as to take the 
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soap ribbons fed into the hopper by means of a worm screw 
and continuously force it under great pressure through a 
jacketed cylinder through which cold water circulates in 
the rear to compensate the heat produced by friction and 
hot w’ater at the front, to soften and polish the soap which 
passes out in solid form in bars of any shape and size 
depending upon the form of tlie shaping plate through 
which it is emitted. The bars run upon a roller board, 
are cut into the required length by a special cake cutting- 
table, allowed to dry slightly and pressed cither auto- 
matically or by a foot power press in any suitable soap die. 
The finished cake is then ready for wrapping and after due 
time in stock reaches the consumer. 

Besides the various apparatus mentioned above there are 
many other parts for the fidl equipment of a modern soaj) 
plant, such as rcmeltcrs, pumps, mi.xers, special tanks, 
power equipment, etc. As has been stated, however, prac- 
tical experience will aid in judging the practicability as to 
installation of thc.se. The variems methods of powdering 
soap are, hfjwewr. not generally known. Where a coarse 
powder is to he produc^'d. sucli as is used for common 
washing powders, no great dillicnlty is experienced with 
the well known Blanchard mill. In grinding soap to an 
impalpable powder tl^ difficulties increase. The methods 
adapted in puKcri/in” '..np^ are by means of disinte- 
grators, pebble mills and dia.scr inilU. Tlie disintegrator 
grinds by tJie principle of aitritiun, tbat is, ibc material is 
reduced by the particles being caused to beat against*each 
other at great velocity; a pebble mill crushes the sub- 
stance by rubbing it between hard pebffles in a slowly re- 
volving cylinder; tbe chaser mill first grinds the material 
and then floats it as a very fine powder above a curb of 
fixed height. The last method is particularly adapted for 
the finest *bf powder (140 mesh and over). 
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CHAPTER III 

Classification of Soap-Making Methods. 

In the saponification of fats and oils to form soap 
through the agency of caustic alkalis, as has been stated, 
l.he sodium or potassium salts of the mixed fatty acids are 
formed. Sodium soaps arc usually termed hard soaps, and 
'potassium soaps soft. There are, however, a great many 
varieties of soaps the appearance and properties of which 
depend upon their method of manufacture and the oils or 
fats used therein. 

The various methods adopted in soap making may be 
thus classified: 

1. foiling the fats and oils in open kettles by open 
steam with indefinite quantities of caustic alkali solutions 
until the finished soap is obtained; orilinarily named full 
hoilrd soaps. Tliesc may be sub-diviclcd into (a) hard 
S' zaps with sodium hydrate as a base, in which the glycerine 
IS recovered from the spent lyes; (b) hard soaps with 
soda as a base, in which the glycerine remains in the 
soap, c. g., marine cocoanut oil soap.s; (c) soft potash 
soaps, in which the glycerine is retai».'d by the soap. 

3. Combining the required amount of lye for complete 
s.iponification of a fat therewith, heating slightly with dry 
heat and then allowing the saponification to complete itself. 
This Ts known as the cold process. 

3. Utilizing the fatty acid, instead of the neutral fat, 
and combining it d^ectly with cau^ic alkali or carbonate, 
which is incorrectly termed carbonate saponificationt since 
it is merely neutralizing the free fatty acid and thus is 
not a saponification in the true sense of the word. No 
glycerine is directly obtained by this method,* as it is 
35 



S()Ar-M.\KIX(; AIANTAL 


usually prcM'ously reniovctl in the clcaraftc of the fat by 
either the Twitchell or autoclave saiwiiification method. 

In the methods thus outlined the one most generally 
employed is the full b6ilcd process to form a sodium soap. 
This method of making soap requires close attention and 
a knowledge which can only he obtained by con.stant prac- 
tice. The stock, strength of lyes, heat, amount of .salt or 
brine addedj time of settling, etc., are all influencing 
factors. 

The principles involved in this process are briefly these : 

The fat is partly .saponified with weak lyes (usually 
those obtained from a previous boiling in the strengthening 
change are u.sed), and .salt is added to grain the soap. The 
ma.ss i.*. then allowed to .settle into two layers. I'he upper 
layer is partly .saponified fat; the lower layer, or spent l\c, 
is a solution of salt, glycerine, and contains any albuminous 
matter or any other impurity contained in the fat. This 
is know'n as the kiViHg or gl>ccrine change. .Strong lyes 
are now added and the fat entirely .sap«->nified, which is 
termed the change. The mass is then al- 

lowed to settle and the fluid soap run off above the “nigre." 
This operation is called tlip fini.sh or Htiishing change. 

The method may be more fulK illustrated !>y a cnncrcle 
example of the metlfl)d of m.'inufacturc tif a tallnw base 

Charge- 

Tallow 88 per cent. 

Cocoanut oil ... 10 per cent.' 

Hosin w. w ... 2 per cent. 

Amount chjfrge * 10 tons 

About five tons of tallow and one ton of corminut oil 
are pumped or run into the soap kettle and brought to a 
boil wiithgwet steam until it bri.skly comes through the hot 
fat. The caustic, soda (strengthening lyes from former 
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boilings iiiny bo used liere) is gradually added by the dis- 
tribiiting pii)c, any tendency to thicken beijig checked by 
the introduction of small quantities of brine (“salt pickle”). 
If the lye is added too rapidly the soap assumes a granular 
appearanccj indicating that the addition of same must be 
discemtinued. Water should then he added and the mass 
boiled through until it again closes. When the addition 
of the proper amount of caustic soda is nearing its com- 
pletion the soap gradually thins. The steam is nbw cut 
dow;i to about one turn of the valve, and I)rinc is rapidly 
added or salt slu)vcled in. In ten to fifteen minutes the 
steam again breaks through and, from the appearance of 
the soap, it can be .seen whether* sufficient brine has been 
added, A samj)le taken out by means of a long wooden 
paddle should show !he .soap in fine grains with the lyes 
running from it clear. The steam is then shut off and the 
soap allowed to settle from one and one-half to two hours. 
In all settlings the longer time this operation is permitted 
to continue, the better will the subsequent operations 
proceed. 

The mixture now consists of a partly saponified layer 
of fat above the spent lyes. The lyes are drawn off until 
soap makes its appearance at the exit pipe. The valve is 
tl»en closed and the soap blown bacl^ into the kettle by 
■.!'am. The lyes thus obtained are known as spent lyes, 
from which the glycerine i.s recovered. They should show 
an alkalinity of approximately 0.5 per cent, if the operation 
is carefully carried out. 

The remaining tallow is now added and the above oper- 
ations repeated. 

After the spent lyes have been drawn off, the soap is 
closed with water and the proper percentage of rosin soap 
previously formed, or rosin itself is added to the mass in 
the kettle More lye is then allowed to flow in ftntil the 
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mixture is up to “strength." This is usually tested by the 
"bite" on the tongue of a small cooled sample. After boil 
ing until the steam conics through, the mass is grained with 
salt as before and allowed to settle one and one-half to 
three hours. These lyes, known as strengihening lyes 
are run to storage to be used subsequently with fresh fat 
to take up the caustic soda contained therein. 

The soap is now ready for finishing and is first boiled 
through and tried for strength. A drop of phenolphthalein 
(1 per cent, phenolphthalein in 98 per cent, alcohol) is al- 
lowed to drop oil the molten soap taken up on a trowel. 
The red color should he instantly produced and develop to 
a full deep crimson in a few seconds, or more lye must be 
added until this condition is realised. Should it flash a 
deep crimson immediafdy it is on the strong side. This 
cannot be convenicntb remedied; it can t»nly serve as a 
guide for the next l»oil, but in any case it is not of any 
seri(ms consequence, iinle.ss it is too strong. 

With the steam on, the soap is mnv examined with a 
trowel wliich must Im’ ihi>roiighly heated by working ii 
about under the surface of the hot soap. 'Ihe appearance 
of the soap a.s it runs from the face cif the trowel indicates 
its condition. It is not possible to ab.solutely descrdie the 
effect, which can ofily be projierly judged by practice, yet 
the following points maj serve as a guide. The indications 
to be noticed are the shape and size of the flakes of soap 
as the sample on the trowel breaks up an<l runs from the 
hot iron surface, when the l.aiter I'i turned in a vertical 
position, as well as the condition of the iron surface from 
which the loap flaked luve fallen A closed .soap will run 
slowly into a homogeneous sheet, leaving the trowel's sur- 
face covered with a thin lawr of transpareni .soap; a 
grained mass will run laiiidly down in tiny grains, about 
one-hal/ an inch in diameter or less, leaving the hot trowel 
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absolutely dry. The object of the finish is to separate the 
soaps of the lower fatty acids from those of the higher, and 
both from excess of liquid. A point midway between 
“open” and “closed” is required to arrive at this point. 

Having arrived at the above condition, the soap is al* 
lowed to settle anywhere from one to three days and tlicn 
run off through the skimmer pipes to the nigre and framed 
or pumped to the tank feeding the drying machine. 

•The stock thus obtained should be fairly white, depend- 
ing upon the grade of tallow used and slightly alkaline to 
an alcoholic phenolphthalein soliftion. If removed at ex- 
actly tlie neutral point or with a content of free fat the 
soap will .sooner or later develop rancidity. 'J'hc soap thus 
(.btained is an ordinary tallow base, and the one by far 
greate.^t used in the manufacture of toilet soaps. The per- 
centage of coc<*anut oil indjcaiod i.s not fixed and may 
readily be varied, while in fine toilet soap the rosin it 
usually eliminated. 

In the manufacture of full boiled soda soaps in which no 
glycerine is obtained as a by-product, it being retained in 
the soap itself, the soap formed is known as a “run” soap. 
The process is used most extensively in the manufacture 
of marine soaps by which the method may be best illus- 
trated. This .soap is known as marine ^oap because of its 
I Toperty of readily forming a lather with salt water and 
i.s ncstly consumed aboard vessels. 

Marine soaps are manufactured by first placing in the 
kettle # calculated amount of lye of 25 deg. to 35 deg. B., 
depending upon the amount of moisture desired in the fin- 
ished soaps, plus a flight excess required to saponify a 
known weight of cocoanut oil. With open steam on, the 
cocoanut oil is then gradually added, care being taken that 
the soap does not froth over. Saponification takes place 
readily and when the oil is entirely saponified the finished 
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soap is put through the process known as running. This 
consists in constantly pumping the mass from the skimmer 
pipe back into the top of the kettle, the object being to 
prevent any settling of the nigre or lye from the soap, as 
well as producing a homogeneous mass. It is customary 
to begin the saponification in the morning, which should be 
completed by noon. The soap is then run for about three 
hours and framed the next morning. After having re- 
mained in the frame the time required to solidify and cool, 
the soap is slabbed and cut into cakc«. This process i.s 
difficult to carry out profurly, and one not greatly* em- 
ployed. although large quantities of marine soap are pur- 
chased by the government for u.<c in the navy and must 
fulfill certain specifications required hy the purchasing 
department. 

In making potash soaps it is practically impossible to ob- 
tain any glycerine directly l>cr.mse of the pasty consistency 
of the soaji. and nr. e’Miuing is possible beiMUH* the addi- 
tion of salt to a *- »ap a> already expliined, would form 
a soda soap Large fpiantitics of ft .^oaps are required for 
the textile indu^^lriis who desire most!\ a strong potash 
Foap, and the largo number of automobiles in use at the 
present time has opened a field for the u>e of a soft soap 
for washing these. A soap for this purpose mu.‘'t !»e neu- 
tral so as not to affect the varnish or paint of automobiles 

A suitable soap for textile purpo-c'. ma\ be made as 
follows : 

Red oil . . parts*' 

House grea.sc ^ 20 p.'irts 

Caustic ‘iodrf lye. 3fi dees Ft 3 parts 
Carbonate of potash parts 

Caustic potash . . . . 23V4 parts 

Olive oil, corn oil, soya bean oil, olive r>\\ foots or cot- 
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tonseed oil may replace any of the above oils. A large 
quantity of cottonseed oil will cause the soap to hg. 

To carry out the process, the caustic potash and car- 
bonate of potash arc dissolved and placed in the kettle 
» together with the soda lye, and the oils added. This is 
most satisfactorily accomplished by being finished the day 
before the boiling is begun. The next day the boiling is 
begun and water added to bring the soap up to the desircu 
percentage of fatty acid, due allowance being made for the 
water formed by the condensation of the open steam in 
boiling. Care must be taken that the soap in the kettle 
does not swell and run over during the saponification. 
A good procedure is to use open steam for a period of 
about two hours, then close the valve and allow the sapon- 
ification to continue w'Uhoiit boiling, and repeat this until 
it is entirely saponified. After the saponification has been 
completed tiie soa[) is briskly boiled all day and the proper 
corrections made ; that is, if too alkaline, more oil is added, 
and if free fat is present, more potash. About 2 per cent, 
carbonate of potash is the proper amount for a soap con- 
taining SO per cent, fatty acid. The soap is sampled by 
allowing it to drop on a clean, cold glass surface. In so 
doing, the soap should not slide or slip over the glass sur- 
face when prc.sscd thereon, hut should adhere to the glass, 
or it is loo alkaline. A sample worked between the fingers 
sin.’ving too much stringincss should have more strong 
potash and oil added. A sample taken out in a pail and 
allowed to cool over night will serve as a guide as to the 
body of the soap in the kettle. When the soap has thus 
been properly fini.shcd it is run into, barrels. 

For an automobile soap the following is a good working 


formula : 

Coni oil 1,000 parts 

Potash lye, 31^2 degs. B 697 parts 
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Proceed as in the directions just given for textile soap 
in placing charge in the kettle. When the kettle is boiling 
up well, shut off the steam and the saponification will com- 
plete itself. The soap may be run into the barrels the 
next day. 

A heavy soap with a smaller percentage of fat may be 
made as follows: 

Corn oil 1,000 parts 

Potash lyc, 24>^ degs. B 900 parts 

Boil until the soap bunches, and .shovel the finished soap 
into barrels. Upon standing it will clear up. By the addi- 
tion of more water the yield of soap per pound of oil may 
be run up to 300 per cent. 

After soft soaps have been allowed to stand for some 
time the phcnoinonon known a.s “llgging” often occurs. 
This term h appli«*d to a crystalline-likc formation, caus- 
ing spots of a star-like shape throughout the soap. 
This is undoiihicfily due to the stearinc content of the soap 
crystallizing out as it cools, and forming lhe.se peculiarly- 
shaped spots. It more generally occurs in the winter and 
may be produced artificially by adding a small quantity ol 
soda to the potash lyc before saponitication. 

The oils usually employed in the manufacture of potash 
soaps arc cotionsceH oil, corn oil, soya bean oil, olive oil 
foots, red oil, cocoannt oil, grease and the various train 
oils. The ii.sual perci-ntagc yield is from 225 per cent, to 
3(X) per cent., based up m tbc weight of oil used, fn cal- 
culating the weight of a soft soap it is to be remembered 
that since potassium has a higher nlblecular weight (56) 
than sodium (40), the corresponding soap formed is that 
much^greater in weight when compared with a sodium 
soap. i<osin may be added to soft soaps as a cheapening 
agent 


42 



SOAP-MAKING METHODS 


COLD PROCESS. 

The cold process for manufacturing soap is the simplest 
method of soap making, and the equipment required is small 
when compared to the other methods. All the more expensive 
equipment that is necessary is a cnitcher, a tank to hold the 
lye, frames, a slabber or cutting table, and a press. Yet, 
in spite of the simplicity of thus making soap, the disad- 
vantages are numerous for the production of a good piece 
of soap. The greatest difficulty is to obtain a thorough ’ 
‘combination of oil or fat and lye so that there will not be 
an excess of one or the other in the finished soap. At its 
best there is either a considerable excess of free fat which 
later exhibits itself in producing rancidity or uncombined 
caustic, which produces an unpleasant effect on the skin 
when the soap is consumed for washing. The latter ob- 
jection, of course, can only be applied to toilet soaps, 

Cocoanut oil is used very largely in the manufacture of 
cold-made soaps as it is well adapted for this purpose, al- 
though it is by no means true that other oils may not be 
employed. Since by this process of manufacture no im- 
purity contained in the fat or oil is removed in the making 
of the soap, it is necessary that in order to obtain a fine 
finished product, any impurity contained in these may be 
removed if present, or that the fats be as pure as can be 
obtained. If inedible tallow is used for cold-made soap, 
it is advisable to bleach it by the Fuller’s Earth Process. 

The carrj’ing out of this method is best illustrated by 
an example of a coy-made cocoanut oil soap. 


Charge : 

Cochin cocoanut oil 846 parts 

Lye (soda), 35 degs. B 470 parts 

Water 24 parts 
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The oil is run into the crukher and the temperature of 
the oil raised to 100 deps. F. by dry steam. 1'he lye and 
water are at room temperature. After all the cul is in the 
Crutcher, the lye and \^ater are slowly added to prevent 
any graining of the soap. Toward the end the lyc may he 
added more rai)idly. When all the lye is in, the mass is 
crutched for about three hours, or until upon stopping 
the crutchcr a finger drawn over the surface of tlie .soap 
leaves an impression. If this condition is not realized 
the soap must be mixed until such is the ease. Having ar 
rived at this point, the mixture is dropped into a frann 
which should remain uncovered. The heat produced by tlie 
further spontaneous .«apofiificati(ui will cau.se the soaj) tr 
rise in the middle of the frame. After having set for some 
days it is ready to he .slahhcd and rut into cakes. 

A pota.sh soap may he made by tlte cnld process just a^ 
readily as a soda soap So, aps of th?s type may he miule 
by either of ‘these formulae in a crutclier' 


Olive (iil f<-ot' fiCK) 

Pota*:h lyc, IH dogs B hot. 2t) dogs B cold 
or 

Corn oil ... . 800 

Rosin * . 200 

Potash lyc, 27 degs. B 790 

Water 340 


Heat the oils to 190 dogs. F.,’ add the lye and crutch 
until the sr.ap begin.s tu bnneh, when it is ready to he run 
into barrels where the ^snponificatir.n will be completed. 

Semi-i»oiled so;ip^ differ fn-m llv'Sc made hy the cold 
process in teiniuTaiun-. In making ‘:etni-hMih'd soaps the 
fats are usually lieatifl ti) 140 F. The addiiion of the 
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lye raises the temperature to 180® — 200" F. when saponifi- 
cation takes place. 

CARBON ATIi SAI'ON I I fCATION. 

The method of the formation of soap by the utilization 
of the fatty acid directly, from which the glycerine has al- 
ready been removed by some method of saponilication 
Other than with caustic soda, and neutralixing this with 
'alkali, is becoming increasingly popular. The glycerine is 
more easily recovered from a previous cleavage of the 
fat.s or oils, but a soap made from the mixed fatty acids 
thus obtained is seldom white in color and retains an un- 
pleasant odor. Since soda ash or sodium carbonate is 
cheaper than caustic soda and readily unites with a fatty 
acid, it is used as the alkali in the carbonate saponification, 
file process is similar to that already given under Rosin 
Saponification. About 19 per cent, by weight of the fatty 
acids empio3'cd of 58 per cent, .soda ash is dissolved in 
water until it has a density of 30 degs. B., and the solu- 
iinti is run into the k<‘tlle, which is usually equipped with a 
removable agitator, 'fhe fatty acids, previously melted, arc 
then slowly added w'liile the mixture is boiled with open 
sti-am and agitated with the .''lirring device. The fatty 
acids instantly unite w’iih the carhc lale and rise in the 
kettle, due to the gencratiorf of carbon dioxide, and care 
must be exercised to prevent boiling over. After all the 
fatty acid has been added, and the mass is boiled through 
the saponification must be completed with caustic soda, as 
there is as yet no^ practical method knowm which will 
.split a fat entirely into fatty acid and glycerine. Thus 
abotit 10 per cent, of the fatty acids are true neutral fats 
and require caustic soda for their saponification. This is 
then added and the soap completed, as in full-hoiled soaps. 

In carrying out this method upon a large sjalc, large 
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quantities of carbon dioxide are formed during the boiling 
of the soap, which replaces a quantity of the air contained 
therein. The kettle room should therefore be well venti- 
lated, allowing for a large inflow of fresh air from out 
of doors. 



CHAPTER IV 

Classification of Soaps. 

In considering the many different varieties of soaps, 
their classification is purely an arbitrary one. No definite 
plan can be outlined for any particular brand to be manu- 
factured nor can any very sharp distinction be drawn be- 
tween the many soaps of different properties which are 
designated by various names. It is really a question to 
what use a soap i.s to be put, iiid at what price it may 
be sold. There is, of course, a difference in the appear- 
ance, form and color, and then there are soaps of special 
kinds, such as floating soaps, transparent soaps, liquid 
.^oaps, etc., yet in the uliiniatc sense they are closely allied, 
because tliey are all the same chemical compound, 
varying only in their being a potash or soda soap, and in 
the fatty acids which enter into combination with these 
alkalis. Thus we can take a combination of tallow 
and cocoanul oil and make a great many presumably dif- 
ferent soaps by combining these substances with caustic 
.soda, by dilTcrcnt methods of manufacture and by incor- 
porating various other ingredients, as air, to form a float- 
ing soap, alcohol to make a transparent soap, dyestuffs to 
give a different color, etc., but essentially it is the same 
definite compound. 

The*nianiifacturer can best judge the brand of soaps he 
desires to manufacture, and much of his success depends 
upon the name, package, shape, dblor or perfume of a 
cake of soap. It is the consumer whom he must please 
and many of the large selling brands upon the market 
today owe their success to the above mentioned details. 
The great majority of consumers of soap know jrery little 
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coucerniiijj soap, except the fact that it washes or has a 
pleasant odor or looks prett>', and the manufacturer of 
soap must study these phases of the subject even more 
carefully than the making of the soap itself. 

For a matter of convenience we will classify soap under 
three general divisions: 

T. Laundry soaps, including chip .soaps, st»ap powders 
and scouring soaps. 

II. Toilet soaps, including floating soap, caslile soap, 
liquid soap, shaving soap, etc. 

III. Textile soaps. 


LAl»N*DRy SOM' 

'Ihe most popular household .soap is laundry .soap. A 
tremendous amount of this .soap is continu'd each da\ in 
this country, and it is by far niamitactuiid in larger (luaii' 
titles than any other soap. It is also a soap which nin.st 
be Mild cheaper than any other soap that inters the 
borne. 

The consumer.s of launrlry soap have been educated to 
u.se a full boiled settled rosin soap and to make a good 
article at a price this method should he earned out. as it is 
the one most advisable to use The cnnijjositjon of the fats 
entering into the si'jip depends upon the market price of 
these, and it is not advisable to keep to one forimila in the 
manufacture of laundry .«‘<iap, but rather to adjinst the 
various fatty ingredients to obtain the dcsirerl results with 
the cheapest materia! that can he purchased It is •impos- 
sible to use a gof»d grade of fats and make a profit upon 
laundry soap at the priie at which it flmst be retailed. •rte 
manufacturer of thi.s grade i;f soap must look to the by- 
product, glycerine, for his profit and he is fortunate indeed 
if he realizes the entire benefit of thi.s and .still produces 
a superior piece of laundry .soap. 



CLASSIFICATION OF SOAPS 

SEMl-BOILED LAUNDRY SOAPS. 

It is advantageous at times to make a laundry soap by 
a method other than the full boiled settled soap pro* 
cedure as previously outlined. This is especially the con- 
dition in making a naphtha soap, in which is incorporated 
naphtha, which is very volatile and some of the well known 
manufacturers of this class of soap have adopted this 
prciccss entirely. A laundry' soap containing rosin cannot 
l)e advantageously made by the cold process, as the soap 
• thus made grains during saponification and drops a por- 
tion of the l>c and filling materials. By making a semi- 
hoi led soap this (/hjection is overcome. The half boiled 
process differs from the cold process by uniting the fats 
.ind alkalis at a higher temperature. 

To carry mit this process the following formulae have 
f)een found by e\j»eriencc to gi\e satisfactory results. 


i. lbs. 

Tallow 100 

Ro.-iin 60 

Soda Lyc. 30" B 80 

11 . 

Tallow • 100 

Rosin 60 

Silicate of Soda 25 

Soda Lyc, 30" B 85 

III. 

Tallow • 100 

Rosin 100 

Lye. 36" B 105 

Silicate of Soda 25 

Sal Soda Solution 30 
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In any of these formulas the sodium silicate (40* B.) 
may be increased to the same proportion as the 'fats used. 
By so doing, however, twenty pounds of 36® B. lye must 
he added for every hundred pounds of silicate additional 
to that indicated or in other wonls, for every pound of 
.silicate added 20 per cent, by weight of 36® B. lye must 
be put into the mixture. "1 he rosin may also be replaced 
by a previously made rosin so.ip. 

To make a semir boiled soap, using any of the abov^ 
formulae, first melt the rosin wdth all or iiart of the fat,, 
as rosin when melted alone readily dccompo.ses. When 
the mixture is at 150® F. run it into the crutchcr and add 
the lye. Turn on sulTjcient dry steam to keep the tempera- 
ture of the soap at abnut 150® F, in the winter or 130® F. 
in summer. After the mass ha.s been mixed for half an 
f^Iiour, by continuously erutching the soap it will at first 
, thicken, then grain and it may again become thick before 
it becomes smooth. When the mass is perfectly smooth 
and homogeneou.s drop into a frame and crutch in the 
frame by hand to prevent streaking. After standing the 
required length of time the soap is finished into cakes as 
u^ual. 

.StTTLED RO.SIN SO.\P. 

Settled rifsin s' aps yrt made from tallow, grease, cotton- 
seed oil, bleached palm oils of the lower grades, corn oil, 
soya bean oil, arachis oil, distilled garbage grease, cotton 
seed foots or fatty acids together with an addition of rosin, 
vaiyiiig from 24 per cent, to 60 per cent, of the fatt/'acids 
which should tiler from 28 to 35. A titer lower than 28 
will prevent the finished kettle of soa^ from being capable 
of later taking up the filling materials. As has already 
been stated under hardened oils, these being very much 
higher in titer allow a greater percentage of rosin to be 
added. Thus hardened fish oils and cottonseed oil are 
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graduallji being more cxteBwivd]r^|)Ioyed in soaps of Stis 
character. ■ 

The procedure of handlui|r. the kdtle is similar to that 
given under full boiled soap. The stock is steamed out 
into a settling tank and allowed to settle over night, after 
which it is pumped into the soap kettle. Having stocked the 
kettle, open steam is turned on and B. lye is run in, 

while using a steam pressure of ninety to one hundred 
pounds in order to prevent too great a quantity of conden- 
sation of the steam, the water thus being fo^rmed wealcBO^ 
ing the lyc. I f a steam pressure of fift^T to pountfflH 
available, a stronger lye (20" B.) should be' added. Car? 
must be taken not to allow the lye to flow in too rapidly 
or the soap will not grain. The saponification is only at- 
tained by prolonged boiling with sufficient lye of proper 
strength. W'hcn saponification has taken place, the mass 
begins to clear and a sani]ile taken out with a paddle and 
cooled should show' a slight pink with a 1 per cent, alcoholic 
phenolphthalein solution. 

It may be .stated here that in using this indicator or any 
other to lest the alkalinity of soap, the soap should always 
be cooled and firm, as whenever water is present, the disso-* 
ciation of the soap thereby will always react alkaline. When 
this state is reached the mass is readyvfor graining, which 
is accomplished by distributing salt brine or pickle ot 
spreading dry salt over the surface of the soap. The 
kettle is then thoroughly boiled until the mass shows a 
soft curd and the lyc drops dearly from a sample taker 
out with a trow'el or^paddlc. The steam is then shut ofl 
and the soap allowed to settle ovef night. The lyes art 
then run off to the spent lye tank for glycerine recovery 
In saponifying a freshly stocked kettle it is apt to bunch 
To prevent this salt is added at various times to ap 
proximately^one per cent, of the fat used. 
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If, by any possibility the soap lias bunched, this condition 
may be remedied by the addition of more strong lye and 
boiling until it is taken up. To work a kettle to its full 
capacity it is advisable to make two “killing" changes. 
First add about 75 per cent, of the fat and grain as directed. 
Run off the .spent lyes and then add the remainder of the 
stock and repeat the proces.*!. When the spent lye has lieen 
run to storage, t!ic open steam is again ‘turned on and 
18“ B lye gradually allowed to run in. The rosin is now 
broken up and put into the kettle, <ir a previously made 
lUtfin soap is pumped in. 

WLyt is then adtled until the .soap ha.s a sharp taste aftei 
about three lumrs of tnnfinous boiling, or ulien the soap 
is in the clo.sed .state. .More lye should then be run into 
the kettle to grain the soap well, the grain not being too 
.small. Tbeii allow the soap to settle over night and draw 
off the strengthening lyc. I he ncxi day again boil up 
the keftle and add water until the soap thins out and rises 
or swells high in the kettle. A sample taken out at this 
stage iiptiii a lun trowel should run off in large flake.s 
The surface of tiie soap should be bright and shiny. 

If the sample clings to the trowel, a slight addition of 
lye will remedy this defect The k<'ttle is then allowed to 
re.st, to drop tlic nig^e and to e(»"l for some time. de|tending 
upon the si/e of tile kettle. 'I he proper temperature is 
such that after having been pumped t** the cnitehcr and the 
filling mall rials having been added, a thermometer placed 
into the mass should indicate 128“-135“ F. after the cl’utcher 
has run from ten to fifteen minutes. The filling material 
may consist (pt fro!u#7-V per cent, of Aal soda .solution,! 
36* -37“ B, warm or ju-^t mough to close up the sp3ap and 
make it rise high in the ceiUer of a screw criitcher and 
make it cling close t(p a warm trowel. Other fillers such 
as outlined below are added at this point. 
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An addition of from 2-3 per cent, of a special mineral oil 
for this purpose will impart a finish to the soap and 3-5 
per cent, .starch added prevents the soap from cracking in 
the frames. Other filling material as silicate f>f soda, borax, 
‘talc or silex arc used. After the filling material has been 
thoroughly crutched through the soap it is framed, and. 
after being several days in the frame to solidify and cool 
the. soap is ready for slabbing, prcs.sing and wrapping. 

In order to more definitely illustrate the composition of 
the mixture of fat.s and r»ils entering into the 
a laundry .soap a typical formula may be giv^Tror such 
a .*;oap containing 40 per cent, rofin added to the amount 


fats used ; 

lbs. 

Grease 7,000 

Tallow 4,000 

Corn Oil 7,000 

Cottonseed Chi 3.000 

Rosin % 8,400 


The following ha\e been found to be satisfactory filling 
materials and are calculated upon the basis of a 1,400-pound 
frame of soap. 

1 . 

Sodium Silicate, 38®-40'’ !> 

Mineral Oil 

Sfl Soda Solution, 36" IL. 
flora X 


II. 

Sal Soda Solution, 36® B 80 

Mineral Oil 25 

Sodium Silicate 60 


lbs. 

100 

25 

80 
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III. 

Soda Ash 10 

Sal Soda 55 

Sodium Silicaic 115 

Mineral Oil 40 

Brine (Saturated Solution) 10 

IV. 

Sodium Silicate 100 

Silex or Talc 200 

Soda Ash 50 

V. 

Sal Soda Solution, 3f»'* 11 90 

Sodium Silicate 50-00 

Mineral Oil 25 

Borax Sohiti<-n, 25** P». (Imt) 15 


ciiir so.M» 

Chip soap is lifted extensively in laundries but is alsu ' 
used largely in other branches. It may be made either 
as a settled soap or by the cold niadc pp>ccss. 

To make a full boiled settled chip soap, proceed as 
directed under settled laundry soap. The keltic i.s stocked 
with light grease or a mixture of givasc with corn oil or 
other cheap oils. Tor this kind of soap the rosin is elim- 
inated. 

Chip soap may be filled a.s well ns laundry soap. This 
is done in the cruteber and the following adultoraCons are 


suitable. ,, 

lbs. 

Settled Soap ♦ 700 

Soda Asli 35 

Sodium Silicate 215 

or 

Settled Soap 700 ' 


54 



CLASSIFICATION OF SOAPS 


Silicate of Soda 560 

Soda Ash 18 

Carbonate of Potash, 26^* H SO 


The cheapest method of drying is by running this soap 
through a drying machine and this is the procedure usually 
carried out for making dried chip soap. 

COLD MADE CHIP SOAPS. 

To make chip soaps by the cold process a sweet tallow of 
Igw percentage of free fatty acid should be employed. The 
tallow is heated to 120® to 135® F. and the lye run in 
slowly at first and then the silicate of soda is added. The 
mass is then mixed until a finger drawn through the 
soap leaves a slight impression, then dropped into frames 
or barrels. Soaps containing a small percentage of fat 
should be well covered in the frame for twenty-four hours 
to retain their heat and insure proper saponification. The 
I'ollowing formulae are suitable: 

1 

Tallow 

Sod.i Lye, 25® H 

Sodium Silicate 

II 

Tallow 

Ceylon Cocoanul Oil . . 

S^da Lye, 37® B 

Potash Lye, 37® B 

• III. 


Tallow 

• 

.... 500 

Soda Lye, 37yB® B 


... 297 

Sodium Silicate 


. ... 416 

Potash Lye, 37%" B 


.... 37^ 


lbs. 

1,200 

850 

750 


475 

100 

325 

56 
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IV. 


Tallow 


450 

Soda Lye, 37j^“ B. 


255 

Sodium Silicate 


450 

Potash Lye. yi\/^ B, 

V. 

50 

Tallow 


450 

Soda Lye. 35" 11. . 


470 

Sodium Silicate — 

vr. 

650 

Tallow 


420 

Sodium Silicate . . 


600 

Soda Lye, 37jS° B. 


270 


rNrn.i.KD ciiii’ ."oap. 

A very jjrailc oi rln'p soap is made by cmployinR 
no filling m.iUrinI \\hatsof\cr, but unforiiinately the price 
of this soap ha> been cut to surb an e\lciit that these can 
not cunipele wilb a tilled chip. A number of the best suap.s 
of ihjs bind arc nia<le fn.m a settled -*oap using a light 
grease >\illi corn oil .A si-ap <if this nalufc is made as 


follows. 

lbs. 

Settled Soap 800 

.Sal Soda Solutif-n, 3b'’ -37" 13 252 

Soda Ash 1?2 


If thi^ soap is run into frames it may be stripped and 
chipped in two days. 

SO.AP POWDERS. 

Soap powders have .^become so great a convenience 
as a g'*neral clcan.sing agent that to eliminate them 
from the household necessities would mean much un- 
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necessary energy and work to the great number of 
consumers of this product. They may be manufactured so 
cheaply and still be efficient, that their use has almost 
become universal for cleansing and scouring purposes. 
The uses to which soap and scouring powders are adapted 
are too well known to enter into a description of their 
employment. Since they offer a greater profit to the man- 
ufacturer than ordinary household soap, many brands are 
extensively advertised. 

* Numerous combinations for soap powders might be cited 
and it is a simple matter to vary the ingredients as to 
fat content and manufacture a powder of this sort as low 
as a cent a pound. Many substances are incorporated with 
soap, such as salt, soda ash, tripoli, crushed volcanic de- 
posits, ground feldspar, infusorial earth of Various kinds, 
silex, etc. In addition to these various fillers, compounds 
with true cleansing and bleaching properties, in addition to 
soap, are added, such as the salts of ammonium (sal am- 
moniac, carbonate of ammonia), sodium perborate and 
the peroxides of, various metals. The public, however, 
have been accustomed to receive a large package of 
soap or .'.couring powder for a small amount of money 
and it is a difficult matter for the manufacturer to add 
more expensive substances of this naldre to his product, 
to increase its efficiency, without raising the price or 
decreasing the size of the package. 

In manufacturing soap powders, the dried soap chips 
might be mixed with the filler and alkali and then 
pulverized. This method is not extensively employed 
nevertheless. The process which is^he most economical 
is one whereby the ingredients are mixed in a spe- 
cially adapted mixer for heavy material until dry and 
tfa^ rv^ ^rectly to the crusher and pulverizer, after 
& .^tomatically packed, sealed and boxed. 
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Anotlt^r method of procedure is to run out the mix- 
ture from the crutcher to the frames, whicli are stripped 
before the soap cools, and is cut up at once, for if it 
hardens it could not be cut with wires. It is better, how- 
ever, to run the raixlurc into sheets upon a specially con- 
structed floor and break up the mass when cool. 

Foriuulae for soap powders which have been found 
to be suitable for running dry in the mixer follow; 


1 

Soda ash, 58 per cent 42 lbs. 

Silica 220 “ 

Settled soap (usually cottonseed). 25 “ 

Salt 10 “ 

II 

Soap (settled cottonseed » 40 lbs. 

Soda ash, 58 per cent 60 " 

III 

Settled soap 100 lbs. 

Soda ash, 58 per cent 400 “ 


Fillers in varying proportions may replace the soda 
ish in the above- formulae. It is of course understood 
that the soap has been previously made and run as 
molten soap into the crutcher. 

The following soap powders will not dry up in the 
:rutchcr upon running, but arc of the class vhfeh may 
:)C framed or run on the floor to solidify: 


1 

Soap 850 lbs. 

Filler 400 “ 

Sal soda solution, 20 degs. B 170 ** 

i 
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II 

Soap 650 lbs. 

Filler 550 “ 

Sal soda solution, 20 degs. I* .... 340 " 

III 

Soap 80 lbs. 

Filler 550 

Sal soda solution 170 

IV 

Soap (settled tallow) 800 lbs. 

Filler 400 “ 

Sal soda solution 170 “ 

Water 100 " 

V 

First saponify 100 parts house grease and 100 parts 
ordinary grease and make a run soap. Then use in 
crutclier either: 

Soap 400 lbs. 

Filler 575 “ 

Hot water 60 " 

or 

Soap * . . 200 lbs. 

Hot water 200 “ 

Filler 625 “ 

It would be a simple matter to write numerous addi- 
tional formulae, but the above arc typical. The manu- 
facturer must judge for himself just what filling 
material to use. The filler indicated in the above 
formulae is therefore left open. A few formulae for 
more expensive powders than those given recently ap- 
peared among others in the "Seifensieder Zeitung”*; 

•Seifensieder Ztg., 40. 47, 1266 (1913). 
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I 


Powdered soap 90 lbs. 

Sodium perborate 10 “ 


The perborate should be added when the powder is 
perfectly dry or it loses its bleaching properties. 

11 

Soap powder, 20 per cent. fat. 


Cocoanut oil fatty acids 25 lbs. 

Olein 25 “ 

Bone fat 70 “ 

Soda lye, 30 degs. 11 90 “ 

Water 150 “ 

Ammonium carbonate 125 " 

III 

Soap powder, 10 per cent. fat. 

Cocoanut oil fatly acids 20 lbs. 

Olein 10 " 

Bone fat 20 " 

Soda lye, 30 degs, B 30 “ 

Water 175 “ 

Ammonium carbonate 175 


UGilT OR ILTIKKY IWUhRS 

Light or fluffy powders containing 35-45% mui.sture can 
he made in two ways. The lirst niclhod requiring a min- 
imum equipment is to mix the powder and sal soda in a 
mixer, allow it lo stand in frames for a week to cr 3 slallizc 
or .sjjiead it on the floor for a few hoins to dry and then 
grinding it. ^ » 

The continuons mcliiod fini.dies the powder in a few min- 
utes and with a minimum amount of labor. By this 
process the various ingredients, soap, soda ash solution, etc., 
are measured, nm by gravity into the mixer, mixed and the 
molte^ mass run over the crys|fillizer or chilling rolls thru 
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which either cold waler or brine is pumped. From the roll 
the powder is scraped of! clean ab y knife, passes to a 
screen which sends the tailings to a grinder, falls into a 
storage bin from whence it is weighed and packed by an 
*automatic weighing machine into cartons made up in must 
cases by another machine. Due to the large percentage of 
moisture contained in these soap powders the carton is 
generally wrapped in wax paper to aid in the prevent ion of 
the escape of moisture. 

* Scouring Powders. 

Scouring powders are very similar to soap powders and 
differ only in the filler used. We have already considered 
these fillers under scouring soap, from wdiich they do not 
differ materially. They are usually insoluble in water to 
aid in scouring. The mixer used for substances of this 
kind in incorporating the soap and alkali must be of 
strong construction. 


SCOURING SOAP. 

Scouring soaps resemble soap powders very closely 
in their composition, in that they are a combination of 
soap and filling material. Since more lather is required 
from a scouring soap than in soap pow'ders, a cocoa- 
nut oil soap is generally used. The •usual filling ma- 
terial used is silex. The greatest difficulty in the manu- 
facture of scouring soap is the cracking of the finished 
cake. This is usually due to the incorporation of too 
great 8n amount of filler, or too high a percentage of 
moisture. 

In manufacturing •these soaps Ihe cocoanut oil is 
saponified in the crutcher with 38 degs. B. lye, or 
previously sapoftified as a run soap, as already de- 
scribed under “Marine Soaps.” To twenty-five parts 
of soap are added a percentage of 38 degs. B. sal soda 
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or soda ash solution, together with a small quantity of 
salt brine. To this mixture in the crutcher seventy-five 
parts of silex arc then added, and a sufticient amount »)!' 
hot water to inaki* llie mass How readily. (!arc must 
be exercised to not a<ld too great a quantity of water • 
or the mass w ill crack when it cools. The mass is 
then framed and cut before it sets, or poured into 
molds and allowed to set. While silex is the most 
extensively used tiller for scouring soaps, it is feasible 
to incorporate other substances of like character, al- 
though it is tt> be rcmcml)cred that the consumer is accus- 
tomed to a white cake, such as silex produces. Any 
other material used to replace silex should also be as 
hne as this product. 


FLOATING SOAP. 

Floating soap occupies a position midway between laun- 
dry and toilet soap. Since it is not highly perfumed and 
a large piece of soap may be purchased for small cost, as 
is the case with laundry soap, it is readily adaptable to 
general household use. Floating soap differs from ordinary 
soap in having air crmched into it which cau.scs the soap 
to float in water. This i.s often advantageous, especially 
as a bath soap, aii^l undoubtedly the largest selling brand 
of soap on the American market today i.i a floating soap. 

In the manufacture of flf)ating soap a high proportion of 
cocoanut oil is necessary. A most suitable cuinposilion is 
one part cocoantit oil to one part of tallow. Thiff is an 
expensive stock for the highest grade of sogp and is usually 
cheapened by the usc«of cottonseed or various other liquid 
oils. Thus it is possible to obtain a floating soap from a 
kettle stocked with 30 per cent, cocoanut oil, IS per cent, 
cottonseed oil and 55 per cent, tallow. With this quality 
of soap, however, there is a possibility of sweating and 
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rancidity, and of the soap being loo soft and being poor 
in color. 

The process of manufacture is to boil the soap in an or- 
dinary soap kettle, after which air is worked into the hot 
soap by a specially constructed crutcher, after which the 
soap is framed, slabbed, cut into cakes and pressed. 

Concerning the boiling of the soap, the saponification 
must be carefully carried out, as the high proportion of 
coeoanut oil may cause a vitdent reaction in the kettle caus- 
ii)g it to boil over. 

The method of procedure is the same as for a settled 
soap up to the finisliing. When the mass is finally settled 
after the finish, the soap should be more on the “open” side, 
and the object should be to get as long a piece of goods 
as possible. 

Due to its high melting point, a much harder crust 
forms on the surface of a floating soap and in a greater 
proportion tlian on a settled soap during tlic settling. In a 
large kettle, in fact, it has been found impossible to break 
through this crust by the ordinary procedure to admit the 
skimmer pipe. Much of the success of the subsequent opera- 
tions depends upon the cuinplcleness of the settling, and in 
order to overcome the dilficullics occasioned by the forma- 
tion of the crust ever> thing possible .slicndd be done in the 
way of covering the kettle completely to enable this period 
of setil’iig to eonlinue as long as possible. 

When the soap is linished it is run into a specially con- 
struetdU U-shape crutchcr, a Strunz crutcher is best adapt- 
ed to this purpose, although a rapidly revolving upright 
screw crutcher has been found to giw satisfaction upon a 
.smaller .scale, and a sufficient quantity of air beaten into 
the soap to make it light enough to float. Care must be 
taken not to run the crutcher too rapidly or the soap will 
be entirely too fobby. During this operation the mass of 
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soap increases in bulk, and after it has been established 
bow much air must be put into the soap to satisfy the re- 
quirements, this increase in bulk is a criterion to estimate 
when this process is completed. 

It is of course understood that the longer the crutching * 
continues the greater quantity of air is incorporated and the 
increase of volume must be established for a particular 
composition by sampling, cooling the sample rapidly and 
seeing if it floats in water. If the beating is continued too 
long an interval of time, the finished soap is too spongy 
and useless. 

The temperature of the mass during crutching is most 
‘important. This must never exceed 158 degrees F. At 
1 159 degrees F. the operation is not very successful, yet 
the thermometer may indicate 140 degrees F. without inter- 
fering with this operation. If, however, the temperature 
drops too low, trouble is liable to be met with, by the soap 
solidifying too quickly in the frame*;. 

When the crutching is completed, the soap is allowed 
to drop into frames through the valve at the bottom of the 
crutcher and rapidly crutched by the hand in the frames 
to prevent large air spaces and then allowed to cool. It 
is in improvement to jolt the frames a.s they aft drawn 
away as this tends' to make the larger air bubbles float to 
the surface and thus reduce the quantity of waste. When 
the soap has cooled, the frame is stripped and the soap 
slabbed as usual. At this point a layer of con.sidcrable 
depth of spongy soap will be found to have formerf. This 
of course must be cut away and returned to the kettle. 
The last few slabs dVe also often rejected, inasmuch as 
the weight of the soap alMJve them has forced out so much 
of the air that the soap no longer floats. As a fair average 
it may be estimated that not more than 50 to 60 per cent, 
of the soap in the kettle will c(^c out as iinished cakes* 
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the remaining 40 to 50 per cent, being constituted by the 
heavy crust in the kettle, the spongy tops, the botton slabs 
and scrapings. This soap is of course reboiled and con- 
sequently not lost, but the actual cakes obtained are pro* 

' duced at a cost of practically double labor. 

It is advisable to add a small quantity of soap blue color 
to the mass while crutching to neulralize the yellowish 
tint a floating soap is liable to have. 

Some manufacturers add a percentage of carbonate of 
soda, about 3 per cent., to prevent the soap from shrinking. 
Floating soap may also be loaded with sodium silicate to 
the extent of about 5 per cent. 

TOILET SOAP. 

It is not a simple matter to differentiate between toilet 
soaps and various other soaps, because numerous soaps are 
adaptable to toilet purposes. While some soaps of this 
variety are manufactured by the cold made or semi-boiled 
process, and not milled, the consumer has become accus- 
tomed to a milled soap for general toilet use. 

The toilet base most extensively employed is a tallow 
and cocoanut base made as a full boiled settled soap. The 
mariufacture of this base has already been outlined and 
’•eally needs no further comment except that it is to be 
remembered that a suitable toilet soap should contain no 
great excess of free alkali which is injurious to the skin 
Cochin cocoanut oil is preferable to the Ceylon cocoanut 
oil or*palm kernel oil, to use in conjunction with the tal- 
low, which should be a good grade and color if a white 
piece of goods is desired. The percentage of cocoanut oil 
may be anywhere from 10 to 25 per cent., depending upon 
the kind of lather required, it being remembered that co- 
coanut oil increases the lathering power of the soap. 

In addition to a tallow base, numerous other oils are 
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used in the manufacture of toilet soaps, especially palm 
oil, palm kernel oil, olive oil and olive oil foots, and to a 
much less extent arachis or peanut oil, sesame oil and 
poppy seed oil, oils of the class of cottonseed, corn and 
soya bean oils are not adapted to manufacturing a milled ‘ 
soap, as they form yellow spots in a finished cake of soap 
which has been kept a short time. 

Palm oil, especially the Lagos oil, is much ii'-ed in mak- 
ing a ])alm base. As has already been staled, the oil is 
bleached before saponification. A palm base has a yel; 
lowish color, a sweetish odor, and a small quantity added 
to a tallow h.'ise naturally aids the perfume. It is e.specially 
good for a violet soap. The peculiarity of a palm oil base 
is that this oil makes a short soap. By the addition of 
some tallow or twenty to twenty-live per cent, of cocoanut 
oil, or both, this objection is overcome. It is a good plan 
in using a straight palm ba.se to add a proportion of jellow 
color to bold the yellowish lint of this soap, as a soap made 
from this oil eoiitinues bleaching ujioii exposure to air and 
light. 

Olive oil and olive oil fnots arc used mo^Ji extensively 
in the manufacture of caslilc soajis. The peculiarity of an 
olive oil .soap is that it makes a \ery slimy lather, and like 
palm oil gives the* soap a characteristic oilor. An olive 
oil soap is usually considered to be a very neutral soap 
and mav rearlily be superfatted. Much olive oil soap is 
used ill bars or sialis as an mimilled .snap and it is often 
made by the cold process. Peanut oil or sesame and*]ioppy 
.seed oil often replaces olive oil, as they form a similar 
.soap to olive oil. 

In the manufacture of a toilet soap it is hardly practical 
to la} clown a definitt! plan for the various bases to be 
made. From the cornliinaiion of tallow, palm oil, cocoanut 
oil, palm kernel oil, olive oil and olive oil foots, a great 
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many bases of different proportions might be given. The 
simplest nietliod is to make a tallow base, a palm base and 
an olive oil base. Then from these it is an easy matter 
to weigh out any proportion of these soap bases and ob- 
tain the proper mixture in the mill. If, however, as is 
often the case, a large quantity of soap base of certain pro- 
portions of these, four or even more f>f these fats and oils 
is required, it is not only more economical to stock the 
kettle with the correct proportion of these oils, but a more 
thorough mixture is thus obtained ^y saponifying these in 
the kettle. In view of the fact that it is really a question 
for the manufacturer to decide for himself what combina- 
tion of oils he desires for a particular soap we will simply 
outline a few typical toilet soap bases in their simplest 
combination. It is understood that these soaps are suitable 
for milled soaps and arc to be made as fully boiled settled 
soaps. Palm kernel f)il may he substituted for cocoanut 
nil in all cases. 

TAU.OW BA.SE. 


Tallow 75-90 parts 

Cocoanut oil 25-10 parts 

PALM BASE. 

Bleached Lagos palm oil .*75-80 parts 

Cocoanut oil 25-20 parts 

or 

Tallow 30 parts 

Palm oil 60 parts 

Cocoanut oil . . • 10 parts 

OLIVE OIL BASE ( WHITE). 

Olive oil 75-90 parts 

Cocoanut oil 25-10 parts 

or 
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Olive oil 40 parts 

Tallow 40 parts 

Cocoanut 20 parts 

Where a green olive oil base is desired, olive oil foots 
are substituted for the olive oil. Peanut oil may replace 
the olive oil or part of it, the same being true of sesame 
oil and poppy seed oil. 

PALM AND OLIVE BASE. 


Palm oil SO parts 

Olive oil 30 parts 

Cocoanut oil 20 parts 

or 

Palm oil 20 parts 

Olive oil 10 parts 

Tallow 50 parts 

Cocoanut oil 20 parts 


CHEAPER TOILET SOAPS. 

It is often necessary to manufacture a cheaper grade of 
soap for toilet purposes to meet the demand of a certain 
class of trade as well as for export. To accomplish this 
it is of course necessary to produce a very inferior product 
and run down thoi percentage of fatty acids contained in 
the soaps by the addition of fillers or to use cheaper oils in 
manufacturing. The most simple method of filling a soap 
is to load it at the mill with some substance much less ex- 
pensive than the soap itself. Many of the cheapef toilet 
soaps, however, are not milled and it is, therefore, neces- 
sary to follow out sewne other proccclure. 

Milled soaps, as has just been stated, are loaded at the 
mill. The consumers of cheaper toilet soaps in this 
country are accustomed to a milled soap and this grade 
of soap for home consumption is very often filled with 
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numerous substances, but most generally by adding starch 
and talc. The addition of such materials of course later 
exhibit themselves by imparting to the cake of soap a 
dead appearance. Talc is more readily detected in the 
soap than starch by washing with it, as talc is insoluble and 
imparts a roughness to the soap, like sand or pumice, as 
the soap wears down. It may readily be added to 20 per 
cent, by weight. Starch is to be preferred to talc, in load- 
ing a soap, as it is not so readily noticeable in washing. It 
leaves the cake itself absolutely smooth although the lather 
formed is more shiny. This substance may be employed to 
as high a percentage as one-third the weight of the soap. 
It is, of course, possible to cheapen the best soap base by 
this method and the price may be further lowered by using 
the less expensive oils and fats to make the soap base. 

RUN AND GLUED UP SOAPS. 

A very cheap grade of soap may be made by making a 
run soap and adding the filler e. g. sodium silicate in the 
kettle during saponification. The percentage of fatty acids 
may be brought down to 10 per cent., although of course 
a soap of this type shrinks a whole lot upon exposure. 

In making a “glued up” soap the procedure is the same 
for making the soap itself as with a Settled soap, except 
that the soap is finished “curd” and later filled in the 
crutcher. The percentage of fatty acids in a soap of this 
type is seldom below 50 per cent. 

The method of “gluing up” a soap is best illustrated by a 
typical soap of this cjiaracter in which the kettle is charged 
with the following stock. 

Bleached palm oil 5 parts 

Distilled grease 2 “ 

Cotton oil foots stock, 63% fatty acid. 1 “ 

Rosin 4 *• 
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The palm oil is first run into the kettle, saponified and 
washed to extract any glycerine, then the rest of the fats 
and finally the rosin. The soap is then finished and settled 
as with a lioiled settled soap. To assure .success it is 
absolutely necessary that the soap settle as long a period 
as possible, or until the temperature is about 150 degs. F. 
The ideal temperature for carrying out the “gluing up” 
process is 140 degs. F., as at a lower temperature than 
this the soap is liable to cool too quickly and not be 
thoroughly glued up. A higher temperature than 150 degs. 
F. causes delay in that the soap does not properly take the 
filler at a higher temperature and the soap must be kept in 
the crulcher until the temperature drops to the right point. 

The soap is run into the crutcher and the percentage of 
fatty acids run down to 50-55 per cent, with one of the 


following mixtures : 

Sodium silicate, li 1 part 

Potassium carbonate, 51® B 1 “ 

or 

Sodium silicate, 59>^® B 1 part 

Potassium carbonate, 51® B 1 “ 

Sodium sulfate, 28'" ]'. 1 " 


From 230 to 300 pounds of either of these mixtures are 
required for a crutcher holding 2,fi00 pounds of soap. 

The crutching is continued until the mass is well “.spiked," 
that is to say, a freshly broken surface of the i^ap, as 
the crutcher blade is jerked away, .stands up like shattered 
sheets in triangular form (A A 4), which retain their 
shape perfectly. Wlien thi^ condition is realised the soap 
is run into frames which arc carefully crutched by hand 
to remove any air spaces. The surface of the soap is then 
smoothed down and heaped up in the center. After stand 
ing a day to contract, the surfat^ is again leveled and a 
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sniiffly-llttiiig hoard placcrl on the Ujp of the soap upon 
which a weight is placed or upon which the workman 
treads and stamps until the surface is flat, thus assuring 
the further removal of air spaces. The soap remains in 
^he frame from six to eight days and is then slabbed, 
barred and pressed by the usual method employed for 
soaps thus handled without milling. 

In a soap of this nature no hard and fast rule can be 
laid down as to the quantity of solution to be used for 
“gluing up” or the strength of the solution. In a soap of 
the type described the most satisfactory appearing cake 
will be obtained from a soap containing 58 per cent, fatty 
acids. That is to say, about 8 per cent, to 10 per cent, filling 
solution is added per hundred pounds of soap. The filling 
solutions given are very satisfactory. Carbonate of soda 
should be avoided in connection with sodium silicate as the 
property of efflorescing on the surface of the finished cake 
after a short time will prove detrimental. To assure suc- 
cessful gluing up it is advisable to experiment upon a 
small scale to determine the exact extent to which the 
filling solution .should be diluted. Various proportions of 
water are added to a certain quantity of the filled soap. 
.After the soap has been filled in a small receptacle a 
."uiple is taken and rubbed between the fingers. If the 
freshly expo.sed surface is smooth and glossy, the filling 
solution is weak enough, if rough it is too strong. It is 
of course understood that the temperature must be correct, 
140 dcg.s. to ISO degs, R, or the soap will be rough. By this 
means the operator cap readily judge the correct strength 
of his filling .solution. When prt»pcrly carried out a per- 
fectly satisfactory soap is obtained. 

CURD SOAP. 

The object of a so.ap which is finished “curd” or grained, 
is to obtain a harder piece of goods from low titer fat or 
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to increase the percentage of fatty acids in the finished 
soap. This is still another method of producing a cheap 
grade of soap as by its adoption the cheaper oils and fats 
may be used to obtain a firm piece of soap. 

A typical charge for curd soap is: 

Red oil 63 parts 

Tallow 10 “ 

Rosin 27 “ 

Cotton seed foots may be employed in place of red pil 
and a tallow of too high titer is not suitable for this kind 
of soap. 

The red oil and tallow are hnst saponified with 15 dcgs. 
B. lye, boiler pressure 80-90 pounds, 18 degs. B. lye for 
lower steam pressure, and two washings given to extract 
the glycerine. The rosin is added at the strengthening 
change and at the finish the soap is “pitched,” that is to 
say, the soap is settled over night only. The next day the 
lyes are drawn off and a portion of the nigre pumped to 
another kettle which prevents later streaking of the soap. 
Ihc soap is then boiled with 18 degs, B. lyc as with 
another strengthening change under closed steam. Salt 
brine or “pickle,” 15 degs, B. is then added and the mass 
boiled with clos^i steam until the brine reaches a density 
of 18 degs. B. and the kettle pumped the next day. A 
soap of this type requires cither hand or power crutching 
to assure homogeneity and prevention of streaks. To ob- 
viate any air spaces it is advisable to place over^the top 
of the frame a lightly-fiitcd h^ard which is heavily 
weighted down. This soap is also pressed without any 
milling. 

COLD MADE TOILET SOAPS. 

Comparatively little toilet soap is made by the cold or 
•emi-^iled processes. White,, .theit are the timpleit 
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methods of manufacturing soaps the drawbacks of using 
them are numerous and only in a few cases are they very 
extensively employed. To make a toilet soap by the cold 
j}roce5s a combination of good grade tallow and cocoanut 
oil is required. It retpiires SO per cent, by weight of 36 
degs. B. lye to saponify a given weight of tallow and 50 
per cent, of 38 degs. B. lyc for cocoanut oil. The lyes 
are- used full strength or may he reduced slightly with 
water and the method of procedure is the same as alread> 
given in the general directions for cold made soaps. 

Cold made soaps are readily filled with sodium silicate 
which is added at the same time the stock is put into the 
Crutcher. In adding the .silicate it is necessary to add 
additional lye to that required for saponifying the fats, 
about 20 per cent, of 36 degs. B. lye is the proper amount. 
There is of course a certain amount of shrinking due to 
the addition of this filler and the finished cake is exceed- 
ingly hard, yet the author has .seen a good looking cake of 
cheap soap made from as high a proportion as 420 parts 
of tallow to 600 parts of silicate. 

Cold made soaps are usually pressed without milling, 
although it is readily feasible to mill a cold made soap 
provided it is not a filled soap such as has just been 
described 


PERFUMING AND COIXlKlNG TOILET SOAPS. 

Equally important as the .soap itself or even to a greater 
extent is the perfume of a toilet soap. A prominent manu- 
facturer recently mad|; the statement, which is often the 
’truth, that it makes no difference to ’che public what kind 
of soap you give them, as long as you put plenty of odor 
into it. The perfuming of soaps is an art in itself and a 
subject to be treated by one versed in this particular 
branch. We can only take into account the importance of 
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the perfume as related to toilet soap not only, but the ne- 
cessity of adding a certain proportion of the cheaper 
products of odoriferous nature to laundry soap to cover 
and disguise the odor of even this type of soap. 

The price of a cake of toilet soap to a great extent de- 
pends upon the perfume, and the manufacturer should aim 
to give the best possible perfume for a certain price. He 
should not allow his personal likes or dislikes to enter into 
the judgment of whether an odor is good or not, but sub- 
mit it to a number of persons to obtain the concensus of 
‘ opinion. In giving or selling a piece of soap to the con- 
; sumer, it is second nature for him to smell it, and in the 
great majority of cases hi.s opinion is formed not from any 
quality the soap itself may have during use, but from the 
odor. This only emphasizes the fact that the perfume 
must be pleasing, not to one person, but to the majority, 
and many brands owe their popularity to nothing more 
than the enticing perfume. 

Perfuming of .soap is closely allied to the soap making 
industry, but as slated a branch in itself. It is, therefore, 
not our purpose to give numerous formulae of how to 
perfume a soap, hut rather to advise to go for information 
to some one who thoroughly understands the character- 
istics of the mim^ous e.^^scntial oils and synthetics and give 
positive information for the particular odor desired. Un- 
der no circumstances is it advisable to purchase a perfume 
already compotmded, but since all perfumes arc a ^end of 
several or manv cs'-eutial oils and sjuitlictics, it is a more 
positive assurance of obtaining what is desired, by pur- 
chasing tbc .siraight* oils and blending or mixing them as 
one desires. 

The perfume is added to a milled soap just before the 
milling process in the proper proportion per hundred 
pounds of soap. In cold made or unmilled soaps it is 
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added in the crutcher while the soap is still hot. By this 
method, of course, a proportion of the perfume is lost due 
to its being more or less volatile. 

COLORING SOAP. 

While much toilet soap is white or natural in color, 
many soaps are also artificially colored. The soap colors 
used for this purpose arc mostly aniline dyestuffs. The 
price of these dyestuffs is no criterion as to their quality, 
As the price is usually regulated by the addition of some 
inert, water soluble substance like common salt or sugar. 

The main properties that a dyestuff suitable for produc- 
ing a colored soap should have are fastness to light and 
to alkali. They should further be of such a type that the 
color does not come off and stain a wash cloth or the 
hands when the soap is used and should be soluble in 
water. Under no circumstances is it advisable to add 
these in such a quantity that the lather produced in the 
soap is colored. It is, customary to first dissolve the 
dye in hot water as a standardized solution. This can 
then be measured out in a graduate and added to the soap 
the same time as the perfume is put in. About one part 
of color to fifty parts of water is the propor proportion 
to obtain a perfect solution, though this is by no means 
fixed. In making up a solution thus it is an improvement 
to add to the same about one-half of one per cent, of an 
alkaliccither as the hydroxide or carbonate. Then, if there 
is any possibility of change of color due to alkalinity of 
the soap, it will exhibit itself before the color is added. 

A particularly difficult shade to obtain is a purple, as , 
there is up to the present time no purplish aniline color ' 
known which is fast to light. Very good results in soap 
may be obtained by mixing a fast blue, as ultramarine or 
cobalt blue, with a red as rhodaminc or cosine. 
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Inasmuch as the colors for soap have been carefully 
tested by most of the dyestuff manufacturers, and their 
information, usually reliable, is open to any one desiring 

10 know about a color for soap, it is better to depend upon 
their experience with colors after having satisfied one's 
self that a color is what it is represented for a particular 
shade, than to experiment with the numerous colors one's 
self. 

AIEDICfNAL SOAPS. 

Soap is often used for the conveyance of various 
medicants, antiseptics or other material presumably 
beneficial for treatment of skin diseases. While soap 
is an ideal medium for the carrying of such materials, 
it is an unfortunate condition that when incorporated 
with the soap, all but a very few of the numerous sub- 
stances thus employed lose their medicinal properties 
and effectiveness for curing skin disorders, as well as 
any antiseptic value the substance may have. Soap 
is of such a nature chemically that many of the sub- 
stances used for skin troubles arc cither entirely de- 
composed or altered to such an extent so as lo impair 
their thcKipciitic^.value. Thus many of the claims made 
for various mctlicated .soaps fall flat, and really have 
no more antiseptic or therapeutic merit than ordinary 
soap which in itself Jias certain germicidirf and cleaning 
value. 

In medicating a soap the material u.sed for this pur- 
pose is usually added at the mill. tallow and cocoaiiut. 

011 base is best adapted for a .soap of this type. The 
public have l)een educated more or less to the use of 
colored soap to accentuate its medicinal value, and green 
is undoubtedly the mo.st popular shade. This inference, 
however, is by no means tr^e for all soaps of this 
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character. Possibly the best method of arranging these 
soaps is briefly to outline some medicinal soaps. 

SULPHUR SOAPS. 

The best known sulphur soaps contain anywhere from 
one to 20 per cent, of flowers of sulphur. Other soaps 
contain either organic or inorganic sulphur compounds. 

TAR SOAP. 

The tar used in the manufacturing of tar soap is ob-^ 
gained by the destructive distillation of wood, the pine 
tar being the most extensively employed. While the 
different w'ood tars contain numerous aromatic com- 
pounds, such as phenols, phenyl oxides, terpenes and 
organic acids, these are present in such a slight pro- 
portion so as to render their effectiveness practically 
useless. It has, therefore, been tried to use these 
various compounds contained in the tar themselves to 
make tar soap really effective, yet tar is so cheap a 
substance that it is iLsually the substance used for 
medicating a tar soap. About 10 per cent, of tar is 
usually added to the soap with 2 ounces of lamp black 
per hundred pounds of soap. 

SO.\r.S CONTAINING PHENOLS. 

Phenol (Carbolic Acid) is most extensively used in 
soaps of this kind, which are called carbolic soaps. 
Carbolic soaps are generally colored green and contain 
from^ to 5 per cent, phenol crystals. 

The cresols are also extensively used for making 
soaps named carbolk:. These substances impart more 
odor to the soup and really have more disinfecting 
powers than phenol when incorporated with soap. 

Other soaps, containing the phenol group, which are 
well known are resorcinol soap, salol soap, thymol soap, 
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naphthol soap, etc. From one to five per cent of the 
compound after which the soap is named is usually 
incorporated with the soap. 

PEROXIDE SOAP. 

Hydrogen peroxide in itself is an excellent disin- 
fectant. It loses all its medicinal value, however, when 
added to the soap. To overcome this objection various 
metallic peroxide^ arc added to the soap, as sodium 
peroxide, zinc peroxide and barium peroxide. These 
generate hydrogen peroxide by the addition of water'. 
Sodium perborate is also used in peroxide soaps, as this 
substance is deconipo.sed by water into hydrogen per- 
oxide and sodium nietaborate. 

.MERCt’RY SOAPS. 

Mercuric chloride (corrosive sublimate) is most ex- 
tensively used for the production of mercury soaps. 
Because of its extremely poisonous properties care 
should be taken in using it. Since it really eventually 
loses any anti^ept^c value in the soap through forming 
an in.soluhle nuTcury soap it might better be omitted 
entirely. 

I.ES.S IMPORTANT MEDICINAL SOAPS. 

• 

While the abnve nnninnrd soaj)' are probably the 
best known medicated soap», there are numerous other 
soaps w'hich may be clas.'.cd under these kinds of soaps. 
^Thus we have cold cream .-jirap. which can be mzMe by 
.adding Rus.«;ian Mineral Oil, J to 3 per cent., to the 
soap; witch hazel s-np, made by tlic addition of extract 
of witch ha/el: HMlir’i* M'ai:. npnle iiy arlding iodine t»r 
iodoform; formaldehyde soap, made by adding for- 
maldehyde; tannin soaps, made by adding tannin. In 
fact, there have been incorporated in soap so great a 
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iinmlnT of that tlie list be greatly 

enlarged. 

Medicated soaps are not only used in solid form, but 
in powder, paste and liquid soap as well. The only 
difference in a soap like those just referred to is that 
the mcdicant is incorporated with these forms of soaps 
as convenience directs. 

CASTILE SOAP. 

^ A pure castile soap should be made from olive oil. 
This, however, is not always the case, as a number of 
oils as well as tallow are used to adulterate this oil to 
cheapen it, and there are even some soaps called castile 
which contain no olive oil at all. Most of the pure 
castile soap used in this country is imported, as it is a 
difticult matter for the American manufacturer to com- 
pete with the pure imported castile soap, since both 
labor and oil itself are so much cheaper in the vicinities 
of Tiurope where this oil is produced, that tliis advantage 
is more than compensated by the carrying and custom 
charges by importing the castile soap. 

Castile soap may be made either by the full boiled or 
cold process. There are nunierous grades of olive oil, 
and those used for soap making are denatured to lower 
♦he duty charges. Olive oil makes a hard white soap, 
usually sold in bars, and olive oil foots a green soap, 
due to the coloring matter contained in this oil. 

To ^nake a boiled castile soap, a composition of 10 
per cent. Cochin cocoanut oil and 90 per cent, olive oil 
may be used. To cheapen this, pcaput oil (Arachis oil) 
may entirely replace the olive oil, or about 20 per cent, 
of corn or soya bean oil may be added. The oils are 
saponified as usual in making a settled soap and to 
prevent rancidity the soap is boiled near the finish for 
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some time in the closed state with sufficient excess of 
alkali to give it a sharp taste, then grained with lye, 
the lye drawn off, closed with water and then grained 
with salt. This process is repeated until the desired 
strength is reached. The last graining should Jiot be, 
too great, and on the last change the soap should not 
be thinned out, as it will contain too great a quantity of 
water when slabbed. 

In making a cold castile soap the usual method- is 
pursued as already directed under cold made soap. 
When the soap i.s taken from the crutcher it is ad- 
visable, however, to keep the soap in the frame well 
covered to assure complete saponification. Some manu- 
facturers use very small frames which are placed into 
compartments, well insulated to retain heat. Several 
formulae for cold made castile soaps, follow. It may 
be noted that some of these contain practically no olive oil. 


1 

Olive oil 2030 

Palm kernel 674 

Soda lye, 35 pes ci in I» 1506 

II 

Olive oil ..f 20.30 

Cochin cocfUMiut oil 674 

Soda 13'^e, 36 per cent. P» 1523 

Sodium Silicate 82 

III 

Palm kernel oil^ f 1578 

Tallow 940 

Olive oil 7 

fodium silif-aie, 20 per cent. B 190 

Soda lyc, 36 per cent. B 1503Jt 
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IV 


Olive oil (yellow) 

1000 

Soda lye, 37 per cent. B 

500 

V 


Olive oil 

90 

or 


Palm kernel ^ 

Cochin or cocoanut oil ( 

10 

L 3 'e, 37 per cent. B 

51 


If any the soaps containing a high proportion of 
cocoanul oil arc boiled the soap will float. It is there- 
fore ncces.sary to keep the temperature as low as 
possildc. 

i-:scnwi:oivR soap (bluk motiled). 

Eschweger soap is a colored mottled or marbled soap 
made to a very slight extent in this country. Inasmuch 
as it has bun introduced to the export trade, it is made 
lor this purpose by some manufacturers. A high per- 
centage of cocoanut oil is usually used together with 
tallow and grease. About one-third of each is a typical 
forniula. In a soap of this character the fact that 
cocoanut oil soap takes up a large quantity of water 
and salts of various kinds and is difi’ifult to salt out is 
m ole use vjf. The tallow and grease arc first saponified 
as usiml, then the cocoanut oil is pumped and saponified. 
Whe» the saponilicalion is nearly completed cither sili- 
cate or carbonate of soda or common salt are added to 
make the soap “shofl” so as to form the mottle. The 
finishing of a soap of this type can only be gained by 
practice and it is rather difficult to explain the exact 
appearance of the kettle at this stage. The surface of 
th^ snap should he bright and lustrous with the steam 
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some time in the closed state with suflficieiit excess of 
alkali to give it a sharp taste, then grained with lye, 
the lye drawn off, closed with water and then grained 
with salt. Tlii'; process is repeated until the desired 
strength is reached. The last graining should not be , 
too great, and on the last change the soap should not 
be thinned out, as it will contain too great a quantity of 
w'atcr when slabbed. 

In making a cold castile soup the usual method* is 
pursued as already directed under cold made soap. 
When the soap is taken from the crutcher it is arf- 
visable, liow'cver, to keep the soap in the frame well 
covered to assure complete saponification. Some manu- 
facturers use very small frames which are placed into 
compartments, well insulated to retain heat. Several 
formulae for cold made castile soai>s, follow. It may 
be noted that some of these contain practically no olive oil. 


I 

Olive oil 2030 

Palm kernel 674 

Soda lye, 35 per cent. II 1506 

II 

Olive oil . . • 2030 

Cochin cocnaiiut oil 674 

Soda lye, 36 per cent. K 1523 

Sodium Silieate 82 

III 

Palm kernel ojI^ * 1578 

Tallow 940 

Olive oil 7 

Sodium sili^'aie, 20 per cent. 13 190 

Soda lyc, 36 per cent. 15 1507*, 
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IV 


Olive oil (yellow) 

1000 

Soda lye, 37 per cent. B 

V 

soo 


Olive oil 90 

or 

Palm kernel 1 

Cochin or cocoaniit oil | 

Lye, 37 per cent. B 51 

If any of the .soai»s containing a high proportion of 
cocoanut oil arc boiled the soap will float. It is there- 
fore necessary to keep the temperature as low as 
possil)Ie. 


KSCIJWKGIIR SOAP (BLUE MOTTLED). 

Escluveger soap is a colored mottled or marbled soap 
made to a very slight extent in this country. Inasmuch 
a.s it has been introduced to the export trade, it is made 
for this jnirpose by .some manufacturers. A high per- 
etiUage <»t cocoanut oil is usually used together with 
tallow and grea.se. About one-third of each is a typical 
lornmla. In a soap of this character the fact that 
coeoannt oil soap lakes up a large quantity of water 
and .salts of various kinds and is diflitult to salt out is 
Ji"»dc u.sc wf. The tallow and grease arc first saponified 
a.s iLsu-l, then the cocoanut oil is pumped and saponified. 
Wlie* the saponification Is nearly completed either sili- 
cate or carbonate of soda or common salt are added to 
make the soap “shott” .so as to form the mottle. The 
finishing of a soap of this type can only be gained by 
practice and it is rather difficult to explain the exact 
appearance of the kettle at this stage. The surface of 
th<%, .sr»ap should be bright ami lustrous with the .steam 
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escaping in numerous places in rose-like formation. A 
sample on the trowel should have a slight sharpness 
to the tongue and be plastic. When the soap slides 
from the trowel it should break short. When the soap 
has reached this stage the desired coloring matter, ii.sually ^ 
ultramarine, 1*^ added to the soap either in the kettle or 
cnitcluT and the .soap framed. The yield is 200-215 pounds 
fier hundred jiounds of stock. 

Several nK»ditk'ati<*ns of this general method for 
Kschweger soap are used by adopting the half boiled 
or cold process. 

Trvnsi’arkxt Som*. 

Tran.sparent soap is really not a nii'st de.si ruble soap ft-T 
toilet purjioses, as it contains an cxces.s of free alkali. It 
has, nevertheless, met with public approval because of the 
fact it is novel in being tran.sparcni. Kxcept for this fact 
very little merit can be claimed for a soap of this kind. 

The transparency of soap is generally due to the presence 
of alcohol, .sugar or glycerine in the soap when it is made 
It is very essential in a soap of this character, where light- 
ness and clearness of color are desired, that the material 
for making the .soap be earefully .selected as to color and 
purity. The perfumes also play an important part in the 
color of the soap and many of the tinctures, balsams and 
infusions n.sed in* perfuming soap may eventually cause 
trouble by speitting. If the soap is artificially colored, which 
is almost always the case, the dyestuffs used for this 
purpose should have careful attention and only those Sfiiould 
he used which are known to resi.st the action of alkalis. 
Where rosm is used thi.s product ifiiist be of the better 
grade, bistilltd water is always preferable for use in trans- 
parent soap. The government permits the use of a specially 
denatured alcohol. This alcohol is not taxed and consists of 
grain ('ethyl') alcohol denatured with 5 per cent, wood 
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(methyl) alcohol. , Some soapmakers prefer to use a more 
expensive refined methyl alcohol, but outside of adding 
to the cost of the soap, there is no particular advantage. 
The glycerine should be chemically pure. As to the oils 
^md fats these should be low in acid and of good color. 
Under no circumstances should the crnlcher or kettle in 
which the soap is made be ru.siy or unclean in any way. 
I'or a light soap enameled uten.sils are to be preferred. 

To obtain transparency in soap the following general 
methods may be given. 

1. Where the transparency is due to sugar. 

2. Where alcohol and glycerine produce transparency. 

3. Where (1) (»r ( 2 ) is supplemented by the use of 
castor oil. 

4. Where transparency dei»cinls upon the percentage of 
fatty acid in a soap and the ntinibei of times the soap is 
milled. 

Under the fir.st method at least 25 per cent, of the charge 
should be eocoanul oil, the other constituent being tallow 
or any fat or oil capable of g^'ing a .sufficiently hard soap. 
The soap is boiled and finished as usual, then run to the 
crutchcr t<> he mi.xecl with a strong cane sugar solution, 
containing 10 20 per cent, sugar of the weight of the soap 
'! he sugar is dissolved in its own weight^of water and the 
, ..lution heated to 175 deg.s. F. before being very slowly 
added to tbe soap. As the water evaporates, soaps of this 
type .show spots due to the sugar thus -being thrown out 
of solfflioii. 

Transparent soap made under the second method may 
be .saponified as usual and consist of any good toilet base. 
The soap is run to the crutcher and mixed with 95 per cent, 
alcohol in the proportion of one part alcohol to two parts 
of fatly acid contained in the soap together with glycerine 
in the same proportion. 
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By tlvtf third method castor oil alone may be used to 
make the soap or added to any of the above bases up to 
33l4 per cent, of the charge. If castor oil only is used, 
but 2 per cent, or 3 per cent, of sugar is required. 

In the last method a combination of 80 per cent, tallow, 
very low in free acid, 20 per Cent, cocoanut oil and 5 per 
cent. W. W. rosin is a suitable charge. The saponification 
and finishing is carried out as with a full boiled .soap. 
The soap is then placed into a jacketed vessel, provided 
with dry-steam coils, by which the excess water is 
evaporated from the soap until it contains 73 i)er cent, fatty 
acids. When the thick mass reaches thi.s stage it is framed, 
and when cool is suiialdc for obtaining a semi transparency 
which now depends upon the number of times the soap is 
milled, it being, of course, inferred that no solid matter 
of any sort be added to the soap. 

Cold M.ade Tr\\si*arent .Soad. 

While transparent soaps may be made by the above 
general methods they arc usually made by the .semi-boilcd 
or cold process. By this process a mure satisfactf>ry soap 
is obtained and it is more simple to carry out. A detailed 
description of this method is best and most easily given 
by using a typical formula. 


Charge : 

Tallow 193 kS Ib.s. 

Cochin Cocoanut Oil. . .. 169J4 “* 

Castor Oil 89Vi 

Soda Ash.. ^ • 

Soda Lye, 36 degs. l> 256 

Sugar (Cane) 19? 

Alcohol 126 

Water (Distilled) 80 
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To proceed, first place into*a crutcher or jacketed kettle 
the oils and fat and heat to 140 dcgs. F. Then add the 
soda ash dissolved in about 30 pounds of the water, after 
«vhich the lye is added and the mass stirred until a Rnger 
or stick run over the surface leaves an imprint. Where 
the soap has reached this stage, it is well covered and 
allowed to stand about two hours or until it bulges in the 
center, after which the rest of the water which should 
contain no lime or other mineral substance and which is 
preferably distilled water, is added. The sugar is then 
,slowly shoveled in while the mass is stirring and finally 
the alcohol is poured in. The heat is then increased to 
IfiO degs. F. by dry steam and the soap crutched until 
dissolved. Under no circuin.stances should any soap be 
allowed to remain above the surface of the mass on the 
sides of the mixer. This crutching operation consumes 
about one hour, and when finished the soap should stand 
in the vessel about half an hour when a small sample is 
taken out to cool. This sample should be clear and show 
an excess of alkali. If it is not clear more alcohol is 
added, if not of sufficient strength more lye put in until the 
desired ctindition is reached. The perfume and color arc, 
now added. 

The soap is then framed and allowed to set after which 
it is cut, allowed to dry slightly and then pressed. To 
obtain a polished cake transparent soaps are often planed 
before^rcssing and after pre.s.sing polished with a soft cloth, 
dampened with alcohol. Instead of framing this soap, it is 
sometimes “tubed,” ibaf is to say, the soap from the crutcher 
is run into specially constructed tubes of a shape near 
that of the desired cake and allowed to cool, after which 
it i.s cut and pressed. All scraps are returned to the 
crutcher; but in so doing the soap is slightly darkened in 
color. It IS advisable to expose a finished cake of^trans- 
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parent soap to the air for sonic time as by so doing it 
becomes clearer. 

Other formulae for cold made transparent soaps made 
as just outlined follow: 

I. 

Bleached Tallow 134 lbs. 

Cochin Cocoanut Oil 88 " 

Castor Oil 20 “ 

W. W. Rosin 7 “ 

Cane Sugar 64 “ 

Water 32 “ 

Glycerine 34 " 

Soda Lye, 38 degs. B 135 " 

Alcohol 16 gal. 

II. 

Tallow 211 lb.s. 

Cochin Cocoanut Oil 185 

Castor Oil 97 

Soda Ash 8^4 “ 

Water 106 " 

Soda Lye, 38 degs. B 279 

Sugar . . f. 216 

Alcohol ... 137 

III. 

Castor Oil 60 Ibs*. 

Cochin Cocoanut Chi ... .195 

Tallow • . 120 • 

Alcohol . . . 115 

Sugar . . 90 

Water 53 " 

Glycerine 53 

Soda Lye, 38 degs. H 205yi " 
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IV. 


Tallow 100 lbs. 

Cochin Cocoanut Oil 100 

Castor Oil 60 “ 

Glycerine 20 “ 

Rosin, W. W 20 “ 

Sugar 40 

Water 50 “ 

Soda Lye, 36 (legs. 11 164 “ 

Alcohol 8 •gal. 

V. 

Tallow 174 Ihs. 

Cocoanut Oil 114 “ 

Soda Lye, 38 dogs. B 170 “ 

Sugar 80 “ 

Water 72 “ 

Alcohol 16 gal. 


Ro.sin may be added in this formula up to 20 per cent, 
of fats used and the tallow cut down correspondingly. 

SIlAVrNO SOAPS. 

The requirements of a shaving soap arc somewhat 
difTorent llian those of other soaps. To be a good shaving 
•ioap the l.'Ulicr piodnccd therefrom must l*e heavy, creamy, 
luit not guuiiTiy, and remain moist when formed on the 
face, i he soap itself .should be of a soft consistency so 
as to ifadily adhere to the face when used in stick form. 
It should furthermore he neutral or nearly so to prevent 
the alkali from smartiTig during shavjng. 

.•^having soap is made in the form of a stick, and a tablet 
for use in the shaving mug. Some shavers prefer to have 
the soap as a powder or cream, which are claimed to be 
more convenient methods of shaving. While a liquid 
shaving soap is not as well known because it has not yet 
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become popular, some soap for shaving is made in this 
form. 

Formerly shaving soap was extensively made from a 
charge of about 80 parts tallow and 20 ])arts cocoanut oil 
as a boiled settled snap, but cither making the strengthen- 
ing change with potash lye or using potash lye in saponify- 
ing the stock and graining with salt. Soaps for shaving 
made in this manner arc very unsatisfactory, as they do 
not produce a sufilcicntly thick or lasting lather and dis- 
color very materially upon ageing. Potassium stearate 
forms an ideal lather for shaving, but readily hardens and 
hence needs some of the softer oils, or glycerine incor- 
porated with it to form a satisfactory .soap for shaving. 

The selection of materials for making a shaving soap 
is iniiwrtant. The tallow used should be white and of 
high titer. Cochin cocoanut oil is to be preferred to the 
other kinds, and the alkalis should be the best for tech- 
nical use that can be purchased— 76 per cent, caustic soda 
and 88-92 per cent, caustic potash are suitable. Dy the use 
of stearic acid it is a simple matter to reach the neutral 
point which can be carefully approximated. 

The following are shaving i^oap formulae which have 
been found to ^ive good .satisfaction: 


I. lbs. 

Tallow 360 

Stearic acid 40 

Soda lye, 4r R 14/ 

Potash lye, .14® R ^ 87 

Water . ...^ 32 

Gum tragacantb 1 

II. lbs. 

Tallow 282 

Cocoanut oil 60 
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Stearic acid SO 

Bayberry wax 18 

Soda lye, 41® B 147 

Potash lyc, 34® B 90 

Water 32 

III. lbs. 

Tallow 400 

Cocoaniit oil 176 

Stearic acid 415 

Caustic soda, 40® P. 182 

Caustic potash, 38® B 108 


To proceed, first run into the crutchcr the tallow, cocoa- 
nut oil and bayberry wax when used, and bring the tem- 
perature of the mass up to 140®-1(j0® 1'. by dry steam. Then 
add the caustic soda lye and keep on heat with occasional 
mixing until it is all taken up. When this stage is reached 
gradually add all but about 5 per cent, of the potash lye, 
and complete the saponification. This point having been 
reached, the heat is turned off; the crutcher is run and 
the stearic acid, previously melted by dry steam in a lead- 
lined or enameled ves.sel, is run in in a continuous stream 
and the crutching continued for fifteen minutes to half 
an hour. Samples are taken at this time, cooled and 
‘ested by alcoholic phenolphthalein solution. If too alkaline 
more stearic acid is added, if too acid more potash lye 
from that previously reserved. After each addition of lye 
or sa:aric acid the mass is crutched from 10 to IS minutes 
longer, another sample is taken, cooled and again tested. 
When the phenolphthalein shows a very light pink after 
several minutes, the soap is practically neutral, although 
at this point one can better judge by dissolving a sample 
in hot neutralized alcohol made by putting into the alcohol 
a few drops of phenolphthadein, and then adding weak 
t9 



SOAI'-MAKING MANUAL 

alkali drop by drop from a burette until a slight pink, not 
yellow, tint is obtained, and noting the color of the solu- 
tion. The solution should show a very light pink when 
the soap is properly neutralized. When this stage is ar- 
rived at the gum tragacanth, previously softened in wat^r, 
is crutched in if it is to be added. The soap is then 
framed, stripped in three or four days, dried and milled 

The formulae as given are for shaving sticks, and do 
not readily press unless thoroughly dried. A more satis- 
factory result is obtained by adding at the mill 25 per 
cent, of white tallow base to obtain a satisfactory mug 
soap. 

SHAVING POWDER. 

Shaving powder differs from the soaps just described 
in being pulverized, usually adding up to 5 per cent, starch 
to prevent caking. Any of the above soaps, dried bone 
dry, with or without the addition of tallow base make a 
satisfactory powder for shaving. 

SHAVING 'cream. 

Shaving cream is now a very popular shaving medium 
due to the rapidity and convenience with which one can 
shave by the use of this product. Formerly shaving 
cream was made from the liquid oils like olive oil and a 
soft fat like lard, together with cocoanut oil. Now, how- 
ever, nio.st of the p(»j)ular shaving creams are made from 
stearic acid and cocoanut oil, a.s a far sui)erior product is 
(ibtained by the use of thc.se substances By using these a 
more satisfactory cream is obtained, and it is far more 
convenient to make.^ The lather atso produced therefrom 
is more suitable ior shaving, being thick, creamy and re- 
maining moist. 

A few typical formulae for shaving creams of this type 
are as follows: 
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I- lbs. 

Cochin cocoanut oil 26 

Stearic acid 165 

Caustic potash lye, 50“ B 69 

Glycerine C. P 76 

Water 38 

lbs. 

Cochin cocoanut oil 18 

Stearic acid 73 

Caustic iJotash lye, 39“ P* 54 

Glycerine 33 

Water 27 

in. lb,. 

Cochin cocoanut oil 18 

Stearic acid 73 

Caustic pofaslr lye, 39“ H 54 

Glycerine 20 

Water 40 

, lbs. 

Stearic add 60 

Glycerine C. F* 85 

Water 165 

Sodium carbonate 50 

Borax n 1 

To make a shaving cream by Formula I or II, the cocoa- 

nut oil and glycerine are first put into a suitable mixing 
apparatus or crulcher, and heated to 120® F. A part or 
all the potash lye is then added and the cocoanut oil 
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saponified. The rest of the potash lye ami the water arc 
then added, and with the mixer running the stearic acid, 
previously melted in a lead-lined or enameled vessel, is 
then poured in in a stream and the mass stirred until 
smooth, care being exercised not to aerate it too much. 
The cream is then tested for alkalinity, the best method 
being by that described under shaving soap, in which 
the sample is dissolved in alcohol. Because of the large 
quantity of water pre.sent, phenolphthalein is unsatisfac- 
tor3% as dissociation of the soap may show a pink indica- 
tion in spite of the fact the mass is on the acid side. For 
a quick method of testing the bile on the tongue is a 
satisfactory criterion. If a cooled sample bites the tongue 
more stearic add is added until there is a 3% excess of this. 
When the proper neiitrali/ation has taken place the cream 
is perfumed and framed in a special frame, or it may be 
allowed to cool in the mixer and perfumed the next day. 
When cool the cream is strained, or put through an oint- 
ment mill, after which it is ready to fill into tubes. 

The procedure for the first part of Formula TII is the 
same as that just given. The second part of the formula 
is made the same as a vanishing cream for toilet purposes. 
To make this, first melt the stearic acid as already directed. 
Dissolve the .^odium carbonate and borax in water and 
when di.ssolved adfl the glycerine and stir. Then heat 
this solution to about 1(X)‘’-120® F. and while stirring in 
a suitable mixing machine into which this solution has 
been poured after being heated, or better still m which 
it has been heated by dry stcaiji, add the stearic acid. 
Continue mixing until smooth and then allow to cool, or 
run into frames to cool. 

When the shaving cream and vanishing cream are both 
cool, they are mixed in the proportion of one of the 
former to two of the latter. It is claimed that in thus 
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making a shaving cruam a smoother product is ob- 
tained, although it may be said that the vanishing cream 
is merely a soft soap and the ultimate result is the same 
as ^though the various ingredients were added in one 
operation, rather tlian making two separate products and 
then mixing them, tlierehy cousiderahtv imTeasing the cost 
01 manufacture. 


PUMICE OR SAND SOAPS. 

Pumice and sand are at times added to soap to aid in 
the removal of dirt in cleansing the hands. In some cases 
these soaps are made in the form of a cake, in others 
they are sold in cans iu the form of a paste. 

A hand paste is usually made by merely dissolving 
ordinary tallow base in two or three limes its W'cight of 
hot water and mixing in the desired quantity of pumice 
or sand and in some instances adding a little glycerine 
to keep it sofi or a solvent of some kind for grease. It 
may also be made by directly incorporating any of these 
in a pota.sh soap. 

A cold made or semi-boiled coroanut or palm kernel oil 
soap is tbo base used to add the pumice or sand to in 
making a cake soap of this sort. The following formulae 
serve as a guide for tlie.sc soaps. 


I. 

Palm Kernel or Ceylon Cocoanut Oil 705 lbs. 

Piiaricc (Powdered) 281 “ 

Soda Lye, 38’ B 378 " 

• 

II. 

Cocoanut Oil 100 “ 

Soda Lye, 38* B '55 “ 

Water 6 “ 

Silver Sand (fine) 60 “ 
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'I’o proceed place llic oil in a cnUcher and heat to 140* 
F. Sift in the pumice and mix thoroughly. The lye is 
then added wliich causes a ciirdlinj; ol" the j^rain. The 
stirring is continued until the grain closes and the s^ap 
is smooth, after which the desired perfume is added and 
the soap dropped into a frame and crutched by hand. 
When the soap is set, it is slabbed, cut into cakes, dried 
slightly and presseil. 


LIQUID SOAPS. 

Liquid soaps are merely solutions (»f a potash soap, 
usually cocoanut oil soap, ulthtuigh corn oil is used to 
make a cheap soap. One of the dilViculties encountered 
in liquid soap is to kcci» it clear. .'\t a low temperature 
a sediment is often formed, hut this can be overcome by 
the use of sugar and hlicring the soap through a filter 
pi ess at a low temperature. In order to pn'vent the soap 
from fretting, it is necessary to lower the freezing point 
by the addition of glycerine or alcohol. 

T(f make liquid soap by any of the formulae given, 
below, the oil is first run into a jacketed keltic with a 
stirring device, and heated to about 120" F. The potash 
lye is then added and the oil saponified. Wlien the sap(»niFi- 
calion takes jilfcce, c.spccially when cocuaiiut oil is used, 
the mass swells rapidly and may foam over the sides of 
the kettle unless water is used to check this, or a kettle 
of about four to h\e time.s the capacity of the tota^ charge 
of .':oap is ii.sed. When the .saponification has occurred, 
the sugar, borax and glycerine aK add<‘d, the water run 
in and the mixtm^ stirred until the soap is thoroughly 
dissolved. Heat aids materially in dissolving the soap. 

J he .oap i.s then allowed to cool and if color or perfume 
is to be added this is stirred in, after which the soap is 
cooled and filtered or else run directly into barrels. 
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Tallow is not suitable for making a clear liquid soap 
since it is too high in stearine which when formed into 
the stearate makes an opaque solution. The formulae 
l^rewith given have been found to give good practical 


results. 

1. lbs. 

Cocoanut oil 130 

Caustic pota.sh lye, 28“ R 135 

. Sugar 72 

Borax 2 

Water 267 

II- lbs. 

Corn oil 130 

Caustic potash lye, 26“ H 135 

Sugar 72 

Borax 2 

Water 267 

III- lbs. 

Cocoanut oil 100 

Caustic pota.sh lye, 28“ B • 102 

Glycerine 100 

Sugar 70 

•Water 833 


Formulae I and II contain about 20 per cent, fatly acids. 
It is possible, of course, to cither increase or decrease 
the percentage of fatty acid by varying the amount of 
water. The water used in making liquid soaps, of course, 
should be soft, for hard water forms insoluble soaps 
which precipitate and cause a sediment. 
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USE OF HARDENED OILS IN TOILET SOAPS. 

While the introduction of the hydrogenation of oils is a 
decided advance in the prodiiciioii of suitable cheaper oils 
for soap making, comparatively little hardened oil is em^ 
jiloyed for soap making in America up to the present time, 
hi Europe, Imwevcr, considerable advance has been made 
by the use of such oils for manufacturing .soap therefrom 
and a number of plants turn out large quantities of hydro- 
genated oils for soap making as well as for edible j)urpo.ses. 
Recently a company has been formed in this cmintry foi* 
hardening oils and it is very probalde that the future will 
see this material extensively used in our own country, as 
these appear to be the one inc.sent hope of the soap manu- 
facturer as a check on the ever increasiiig co.st of fats and 
oils now iLsed in making .soap. 

It is an unfortunate condition that hydrogenated oils 
produced abroad arc sold under names which give ab- 
solutely no indication as to the oil which has been hardened. 
The softer and cheai)cr oils like fish oil, linseed oil, cotton- 
seed oil, etc., are gehcrally hardened for soap manufacture 
to different degrees of hardness. While it is impossible to 
definitely state just what products as Candclite, Talgol, 
Krutolin or several other coined names of hardened oils 
are, various investigators have experimented with them as 
to their adaptability for producing toilet soaps and found 
that suitable toilet soaps may be made from them. While 
many objections were at first met with concerning ^oaps 
made from these product.s, a.s to their unsatisfactory saponi- 
fication, the poor lathering quality oi the soaps and their 
odor and consequent Vlifficulty in perfuming, the results of 
most investigators along these lines indicate that these in 
many ca.ses were due to prejudice against or iinfamiliarity 
with handling oils of this type for soap making. 

In manufacturing soap from hardened oils it is usually 
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necessary to incorporate with the charge lard, tallow, tallow 
oil or some other soft oil of this nature. Satisfactory bases 
for toilet soaps, made as boiled settled soap by tbc use of 
T^lgol (undoubtedly hardened fush oil), are said to be 
made by the forimilae* below. 


I. 

Tallow 45 parts 

Talgol 40 “ 

Cocoanut Oil IS “ 

II. 

Cocoanut Oil (Ceylon) 6 

Tallow 12 “ 

Talg(d, Extra I2 “ 


I'hc method of boiling a soap of this type does not differ 
materially from that of making settled tallow soap base. 
The soap itself has a different odor than a straight tallow 
ba.se, but is said to make a very satisfactory soap for 
milling and to be of good appearance. 

Satisfactory transparent soaps are made from the 
bardeiK’d (ul Candelitc, which replaces the tallow in trans- 
parent soap formulae such as have already been given in 
the section under “Transparent Soaps.” ^Tlie method of 
manufacturing a soap by the use of this product varies in 
no way from the usual method employed for making these 
soaps. 

SinA hydrogenated oils arc high in stearine, their use 
in shaving soaps is a decided advantage. It has pre- 
viously been pointed out that potassium stearate forms 
an ideal lather for shaving, and in ' the hydrogenating 
process the olein is converted to stearine. Thus a hardened 

•Seifeniirder Ztf. (1913), p. 334 and 338. 

« “ (1912), p. 1229 and 1257. 
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oil is advantageous in a shaving soap. As an example of 
a cold made soap for shaving the following may be taken.t 


Talgol Extra 50 lbs. 

Cocoanut Oil 10 “ 

Lard 10 “ 

Soda Lye, 38” B 20 “ 

Potash Lye, 37" B 21 “ 


This soap may be made in a criitcher by the method 
generally used in making soap by the cold process. 

TEXTILE .SO.veS. 

Soap is a very important product to every branch of the 
textile industry. For woolen fabrics it is used for scouring, 
fulling and throwing the wool; in the silk industry it is 
necessary for degumming the raw silk, as well as for dye- 
ing; in the cotton mills it is used to finish cotton cloth 
and to some extent in bleaching; it is, furthermore, em- 
ployed in a number of ways in the manufacture of linen. 
Large quantities of soap are thus consumed in an in- 
dustry of so great an extent and the requirements ncccs- # 
sitate different soaps for the different operations. We 
will, therefore, consider these in detail. 

SCOURINg AND FULLING SOAPS FOR WOOL. 

The soaps used to .<icour wool and for fulling the woven 
cloth are usually made as cheaply as possilile. They are, 
however, generally pure soaps, as filling material sufh as 
sodium silicate does not readily rinse out of the wool and 
if used at all must be added very sparingly. Both cold 
made and boiled settled soaps are made for this purpose 
The soap is generally sold in barrels, hence is run directly 
to these from the crutcher or soap kettle. As colH made 
soaps the following serve for wool scouring or fulling. 


fSeifensiedrr Ztf. (19 J2), p. 954. 
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I. 

Palnj Oil 200 lbs. 

Hone Grease 460 “ 

Soda Lye, 3^)" H 357 “ 

Water 113 “ 

Soda Ash 50 “ 

Citronella 2 “ 

II. 

Palm Oil (Calabar, unbleached) 155 “ 

House Grease 360 “ 

Soda Lye. 36" H 324 “ 

Water 268 “ 

Sodium Silicate 83 “ 

iir. 

House Grease 185 “ 

Palm Oil (uiildcached) 309 “ 

Soda Lye. 36" B 309 “ 

Water 391 “ 

Soda Ash 70 “ 

Sodium Silicate 60 “ 

Corn Starch 10 " 


These .spaps are made in a crutcher ]>y the usual pro- 
cess for cold-made soaps, crutched until smooth, dropped 
into a barrel and crutched by hand the next day or just 
before cooling. 

A? a settled soap for these operations the following 


charge is typical: ^ 

Palm Oil .• 34 parts 

Cottonseed foots or its equivalent in 

fatty acids 33 

Rosin 10 " 

House Grease 23 “ 
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The method of boilinp such a soap is the same as for 
any settled soap up to the strengthening change. When 
this stage is reached, sufficient lye is added to strengthen 
the kettle strongly. It is then boiled down with closed^ 
steam x>n salt brine or “pickle” until a sample of the lye 
taken from the bottom stands at 16®-22“ B. The soap is 
then run into barrels and after standing therein for a day 
is hand crutched until cool to prevent streaking of the soap. 

Besides a soap of this type a settled tallow chip soap* is 
used. 

WOOL thrower's soap. 

Soaps for wool throwing are sometimes made from 
olive oil foots but these are often objected to because 
of the sulphur-like odor conveyed to the cloth due to the 
method by which this oil is e-xtracted with carbon disul- 
phide. A potash soap hardened somcwiiat with soda is 
also used. As a formula for a suitable soap of this type 
this may be given. 

Olive Oil Fools \r#.. 12 parts 

Corn Oil X 46 

House Grea.se 20 

Soda Lye, 36“ B 3 ‘‘ 

Potassium Carbonate (dry)....,; 5)^ 

Potassium Hydrate (solid) 23 

This soap is made as a “run” soap by the gex^ral 
directions already given for a soap thus made. The kettle 
is boiled with open and closed steam adding water very 
slowly and aiming to 'obtain a 2^225 per cent, yield or 
fatty acid content of the finished soap of 46 per cent. 
When the soap is finished a sample cooled on a plate of 
glass should be neither slippery or short, but should string 
slightly. The finished soap is run directly into barrels. 
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A soap for wool throwing by the scmi-bpilcd process 
may be made from olive oil foots in a crulchcr thus : 

Olive Oil Foots 600 lbs. 

Potash Lye, 20* B 660 “ 

The oil is heated to 180* F., the lye added and the 
mass stirred until it bunches, when ^ dropped into 

a<h 

WORSTED FINISliHNG ‘ - 

. For the Aishing of worsted cloth ■ L * * • in cocoa- 
nut oil or palm kernel oil are prefei soaps are 
finished very neutral, being made as .v.d soaps, but 
given an extra wash change after strengthening strongly. 
They are then finished as usual and run into barrels. If 
framed too hot, the high percentage of cocoanut oil 
causes mottling, which is prevented by crutching by hand 
until the temperature of the soap is 140*-145® F. Some 
typical charges, all of which are saponified with soda lye, 


follow : 

I. 

Palm Kernel Oil 60 parts 

Corn Oil 40 “ 

II. 

Palm Kernel Oil 30 “ 

Red Oil (single pressed) 70 " 

III. 

Red Oil 3354 “ 

Com Oil r 335^ “ 

Cocoanut Oil or Palm Kernel Oil 335^ 


SOAPS USED IN THE SILK INDUSTRY. 

Soap is used to a very large extent ia silki^ills, both for 
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degumtning the raw silk and in silk dyeing. Raw silk con- 
sists of the true silk fibre known as fibroin and a gummy 
coating, sericin, which dulls the lustre of the silk unless 
removed. For this purpose a slightly alkaline olive oil 
foots soap is best adapted, although palm oil and peanut 
oil soaps are sometimes used, as well as soaps made from 
a combinati^— . . ’nusc grease to the extent of 30 per 
cent., togc 'licd unv’i - ed oil or straight ' olein soaps, both 
of which .I 'My colored green. In using house 

grease, if 3f* (•»! • cit. is exceeded in combination with 
red oil, tin. n raised to such an extent that the 

soap does mn leadily rinse from the silk nor dissolve 
readily. They arc also not advisable because they impart 
a disagreeable odor to the silk. 

To make a soap for this purpose from olive oil foots it 
is made as a settled soap, care being taken to thoroughly 
boil the mass on the saponification change in the closed 
state to assure proper saponification. The kettle is usually 
grained with lye and given a good wash change to remove 
the excess strength. The change previous to the finish 
should not be too heavy or too large a nigre results. The 
lighter the grain is, the better the finished kettle is. A 
yield of 150 per cent, is usually obtained. This soap is 
generally run to i. frame, slabbed upon cooling and packed 
directly into wooden cases. 

For silk dyeing the above soap is suitable, although any 
well-made soap of good odor and not rancid is uyablc. 
While soap alone is often used in the bath for silk dyeing, 
certain dyestuffs require the addition of acetic or sulphuric 
acid, which sets freef the fatty acids. If these be of bad 
odor it is taken up by the silk and is difficult to remove. 
The most generally used soaps are the just mentioned olive 
foots soap or a soap made from a go«.id grade red oil. 

Both kinds are extensively used. 
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SOAPS USED FOR COTTON GOODS. 

In the manufacture of cotton goods, as compared to the 
wool and silk industries, very much less soap is used and 
it is only applied to the finished fabric eithdr to clean the 
cloth preparatory to dyeing or to aid in dyeing with certain 
colors. It is also used in calico printing. For cleansing 
the cloth ordinary chip soap is suitable although a more 
alkaline soap finished as a curd soap is an advantage in 
that the free alkali contained therein aids in removing the 
dirt and has no harmful effect on the cotton. For dyeing 
cotton goods or to brighten certain colors after dyeing 
an olive oil foots soap is most generally employed. In 
calico printing soap is used to wash and clear the cloth 
after printing. A soap for this purpose should be easily 
soluble in water and contain no free alkali, rosin or filler. 
The best soaps for use in calico printing are either an olive 
oil foots soap or an olein soap. 

SL’LPHONATED OILS. 

While sulphonated oils are not used to any great cxteiii 
In the manufacture of soap, they are used very largely in 
the dyeing and printing of turkey and alizarine reds on 
cotton as viell as other colors. Just what action these oils 
ha\c is not known. Turkey red oil or sulphonated castor 
(.il i.« the be.st known sulphonated oil. 

The process of making these oils is simple. The equip- 
ment neccs.sary is a wooden tank or barrel of suitable 
capacity, approximately two and a half times the amount 
of oil to he treated. ^ There are furthermore required 
other tanks or ves.sels to hold the solutions used such as 
caustic soda, ammonia and acid. The tank to be used for 
the preparation of sulphonated oil should be provided 
with a valve at the bottom of the tank and a gauge to 
measure the quantity of liquid therein. 


103 



SOAP-MAKING MANUAL 


The process is carried out as follows: 

Three hundred pounds of castor oil are placed in the 
tank and 80 pounds at 66 deg. B. sulphuric acid are 
weighed out in anotlicr vessel. The acid is run into 
the tank containing the oil in a very thin stream ^liile 
the oil is well stirred. lAt no time should the temperature 
exceed 40 deg. C. This operation should consume at 
least an liour and stirring should be continued half an 
hour longer lo insure the thorough mixing of the oil with 
the acid. The mass is then allowed to settle for 24 
hours, after wliici» 40 gallons of water are added and the 
mixture stirred until it has a uniform creamy color indi- 
cating no dark streaks. This mixing process should be 
carefully carried out and when completed allowed to settle 
36 hours. At this point the mass will have separated into 
two layers, the lower layer consisting of a water solution 
of acid and the upper layer of oil. 7‘he former is run out 
through the valve located at the bottom of the tank. An- 
other wash may now be given or dispensed with as de- 
sired. In this wash the addition of salt or sodium sulphate 
at the rate of V/i pounds per gallon of water is advisabfe. 
A 24 deg. B. caustic soda solution is prepared and added 
slowly to the acidified oil with constant stirring. The 
mass first turns creamy, then becomes streaked, increasing 
in streaks as the caustic .solution is poured in, and finally 
becomes clear and transparent. Water is now added 
to bring the volume to 75 gallons. The oil is now milky 
in appearance, but the addition of a little more soTla solu- 
tion restores the transparency. 

In some cases ^ammonia is u.scd in addition to caustic 
soda in neutralizing the oil. Three-fourths of the amount 
of caustic soda required to complete the neutralization is 
first added and then the neutralization is completed with 
a one to one liquid ammonia and water solution. 
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CHAPTER V 

Glycerine Recovery. 

The recovery of glycerine is very closely allied with the 
soap-making industry, because glycerine is the very valuable 
by-product obtained in the saponification of oils and fats. 
No soap plant is, therefore, fully equipped unless it has 
seme method whereby the glycerine is recovered and the 
importance of recovering this product cannot be too strong- 
ly emphasized. 

It lias already been pointed out that neutral fats or the 
glycerides arc a combination of fatty acid with glycerine. 
These arc split apart in the procc.ss of saponilication. While 
by the term saponification as u.sed in soap making it is in- 
ferred that this is the combination of caustic alkalis with 
the fatty acids to form soap, this term is by no means lim- 
ited to this method of saponification, as there are various 
^ other methods of saponifying a fat. The chemical defini - 
tion of saponification is the conversion of an ester, of which 
glycerides arc merely a certain type, into an alcohol and 
an acid or a salt of this acid. Thus, if we use caustic 
alkali as our sap(uiifying agent for a fat ^r oil, we obtain 
the sodium or potassium .salt of the higher fatty acids or 
.srap and the alcohol, glycerine. On the other hand, if we 
use a mineral acid as the saponifying agent, we obtain the 
fatty acids themselves in addition to glycerine. While the 
former is by far the qiost generally employed for making 
soap, other processes consist in saponifying the fats by 
some method other than caustic alkalis and then convert- 
ing the fatty acids into soap by either neutralizing them 
with sodium or potassium carbonate or hydrate. 

It is important to again point out here that fats and oils 
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(levoloi) free fatty acid of themselves and that the devel- 
opment of tins acid represents a loss in glycerine. Thj^ 
selection of an oil or fat for soap making should therefore 
to a large extent be judged as to its adaptability by the free 
fatty acid content, as the, higher this content is, the grealer 
is the loss in the glycerine eventually obtained. Glycerine, 
often rcprcM iils the only profit to a soap manufacturer. 
It is indeed necessary to determine the percentage of 
free fatty acid before purchasing a lot of stock to be made 
into soap. 

In taking up the question of glycerine recovery we will 
consider the various methods thus: 

1. Where the glycerine is obtained from spent lye by 
saponifying the fats or oils with caustic alkali. 

2. Where the glycerine is obtaineil by saponifying the 
fats or oils by some other method than the above, of which 
there are the following: 

(a) Twitvhell process. 

(b) Saponification hy lime in autoclave. 

(c) Saponilicalittu l.\ acid. 

(d) Saponification by water in aiiloclave. 

(e) Fenufiitaliw ihnyvnis) 

(f) Krchit/ priHiss. 

RECOV|JtY OF r.LVCI RIXE FROM SI'E.MT lAE. 

The spent lye obtained from the glycerine changes in 
making .soap varies greatly, the quality depending upon the 
stock saponified and the soap maker's care in handling the 
operation. No two l.ves run exactly alike as to jirojlbrtion 
of the various ingredients, although they arc all similar 
in containing the. same substances either in solution or 
suspension. Spent lye is a water solution of mainly glyc- 
erine. free alkali either as caustic alkali or carbonate and 
salt, including sodium sulfate, but furthermore contains 
some .soap and albuminous matter either in solution or 
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suspension. Upon standiii.u: in the storage tank the greater 
part of the soap usually separates when the lye cools. In 
order to assure the greatest economical yield of glycerine 
by saponifying a fat with caustic soda it is necessary to 
obtain a proportion of three parts of water to every part 
of fat made into soap. Test runs have shown that this is 
the proper proportion and that it is not economical to 
greatly exceed this amount, and if a much less proportion 
is used the full yield of glycerine is not obtained- 

•'riie spent lyes contain varying amounts of glycerine, 
the first change being richest in glycerine content, and this 
being reduced in the sub.scfjuent changes. If the lyes al- 
ways run higli in glycerine it is an indication tliat it is not 
all being obtained, 'fhe usual percentage is from 0.5% to 
5% or even more, allhough the a. e’age is somewhere 
around to 3%. 1 he lye as it comes from the kettle 
should not contain. <iuy more than 0.5% to 0.6% of free 
alkali calculated as .solium carbonate, NajCOg. If the pro- 
portion is higher tliUn this, it shows that the saponification 
has been conducted witli too high a proportion of alkali, 
*a condition which should be corrected in the kettle room. 
An execs.-) of free alkali does not interfere to any great 
extent witli the .successful recovery of the glycerine, but 
;s n waste of both alkali and the acid uset^in neutralizing 
tills. It is, therefore, more economical to run a strong lye 
OA cr fresli stock and ncutrall/e the alkali thus, rather than 
treating the lye for glycerine recovery. 

BeRire the spent lye can be run into the evaporator it is 
necessary to remove 4ie albuminous impurities and soap 
and to neutralize the excess alkali to between exactly neu- 
tral and 0.02% alkalinity. The lye should never be fed 
into the evaporator in the acid condition. 

In order to treat the spent lyes for evaporation, they arc 
first allowed to cool in the storage tank, after which any 


107 



SOAP-MAKING MANUAL 


soap which may have separated is skimmed off and re- 
turned to the soap kettle. This lye is then pumped to the 
treatment tank, an ordinary tank equipped with some 
method of agitating the liquor, either by a mechanical 
stirrer, steam blower or compressed air, until it is about 
two feet from the top. 

After the lye has been skimmed off it is thoroughly 
agitated and a sample taken. The amount of lye in the 
tank is then calculated. Spent lye is about 1.09 times 
heavier than water, or v^ eighs about 9 pounds to the gallon. 
While the sample is being tested ior alkahnity it is advis- 
able to add svdiate of alumina, which may be dissolving 
while the sample is being titrated. This substance should 
he added in the proportion of anywhere from 6 to 14 
pounds per tlioiisaiul pounds of lyc, depending upon the 
amount of irapuritie.s contained therein. For a clean lye 
six pounds per thousand is sufficient, but for an impure 
lye a greater quantity is necessary. The sulfate ol 
alumina used should he free from arsenic and sulfides am: 
should contain a minimum amount of grit (silica), as gril 
reduces the life of the pump vafves. This may be esti- 
mated with sufficient accuracy hy rubbing the filtcrcd-ofl 
portions, insolnhlc in water between the fingers and s 
plate of glass. The object of adding the sulfate of alumina 
is to transform tlic snap conlaiiied in the lyc into the in- 
soluble alnininnm soaps, and at the same time to coagulate 
the alhuminous impurities. It must be rememberea thal 
the sulfate of alumina is added only for the fresh "lye pul 
into the tank. Thus if there wer^ 10,000 pounds of lye ir 
the treating tank when the fresh lye was run in, and 50,00( 
pounds when the tank is filled, adding nine pounds oi 
sulfate of alumina per thou.sand of lye, only 360 pound! 
would be added or enough for 40,000 pounds. Sulfate oi 
alumina ncutrali/cs one-third of its weight of caustic. 
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To determine the alkali in the sample, 10 cubic centime- 
ters are pipetted into a beaker, a little distilled water added, 
then 3 or 4 drops of phenolphthalein indicator. From a 
burette, quarter normal (N/4) sulfuric acid is added until 
the pink color is just discharged. When this point is 
reached 4 to 5 c. c. more of acid are added and the solution 
is boiled to expel the carbon dioxide. Should the solution 
turn pink, it is necessary to add more acid. After having 
boiled for 3 to 4 minutes, N/4 caustic soda is added until 
the* pink color just returns and the amount of caustic soda 
used is read on the Imrctle. The dilTcrence between the 
number of cubic centimeters of N/4 sulfuric acid and N/4 
catLstic soda gives the amount o/ alka/i in the sample. By 
u.sing a 10 c. c. samide and N/4 sulfuric acid and N/4 
caustic soda each c. c. obtained by the diflFerence of these 
two solutions is equal lo oiic-ientli of one per cent. (0.1%) 
of the total alkali in llie lye. As an example, .say we lirst used 
7.7 c. c. of N/4 sulfuric acid to just discharge the pink, then 
added 4 c. c. more, or 11.7 c. c. in total. y\fter boiling it re- 
quired 5.3 c. c. to bring back a slight pink, tlic total alkalin 
if> would be 11.7 c. e. — 5.3 c. c. = 6.4 c. c., or 0.64% total 
alkab in the lye in terms of caustic soda. If there were 

40,000 pounds of lye to he treated then we should have to 
neutralize : 

40,000 X .0064 = 256 lbs. alkali. Since sulfate of alumina 
neutralizes onc-third of its weight in caustic, and there are 
say 9 lbs. of this added per thousand pounds of lye we 
would^dd 

40,000 X 9 = 300 Ibs.^f sulfate of alumina. This would 
neutralize 

360 X = 120 lbs of alkali. There are then 256 — 120 
= 136 lbs. of alkali still to be neutralized. If 60** B. sul- 
furic acid is used it requires about 1.54 lbs. of acid to one 
pound of caustic. Therefore to neutralize the caustic 
soda remaining it requires; 
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136 X 1.54 — 209.44 lbs. 60® B. sulfuric acid to neutral- 
ize the total alkali in the 40,000 pounds of spent lye. 

The acid is added and the lye well stirred, after which 
another sample is taken and again titrated as before. Freni 
this titration the amount of acid to be added is again cal- 
culated and more acid is added if necessary. Should too 
much acid have been added, caustic soda solution is added 
until llic lye is between exactly neutral and 0.02% alkaline. 
'J'he hltered lyes at this stage have a slight yellowish ca^i. 

To be sure that the lyes are treated correctly the precipi- 
tation test is advisable. To carry this out filter about SO 
c. c. of the treated lye and divide into two portions in a 
test tulie. 'Id one portion add ammonia drop by drop. If 
a chmdiness develops upon shaking, more alkali is ad<led 
to the l\e in the tank, 'I'o the other portion add a few 
drops of 1 to 5 sulfuric acid and shake the test tube. If 
a precipitate develops or the solution clouds, more acid is 
needed. W hen tlie lyes are treated right no cloudiiies.s 
should devehjp either upon adding ammonia or the di- 
lute acid. , 

The properly treated lye is then run through the filter 
press while slightly warm anrl the tillered lye is fed to the 
evaporator from the filtered lye tank. The lye coming 
from the tlllei* prc'.s should be clear and have a slight 
yellowish cast. As the pressure incr^^ses it is necessary to 
clean the prt ss or some of the press cake will pass through 
the cloths. Where ‘^otlium silicate is used as a lill<y, the 
silicate scrap .du-uld never be returned l<j the soap kettle 
until the glycerine lyes ha\e been wMidrawn. 'i'his practice 
of some soainnakcrs is to be strongly censured, as it 
causes decided difficulty in filtering llic lyc, since during 
the treatment of the lye, free silicic acid in colloidal form is 
produced by the decomposition of the sodium silicate by 
acid. This often prevents filtering the treated lye even at 
no 
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excess pressure and at its best retards the iiltering. 

As to the filter press cake, this may be best thrown away 
in a small factory. Where, however, the output of glycerine 
is*very large it pays to recover luith the fatty acids aiid 
alumina in the press cakes. 

In some cases, especially when the lyes arc very dirty 
and the total residue in the crude gl>cerinc runs high, for 
which there is a penalty usually attached, a double liltra- 
tration of the lye is advisable. This is carried out by first 
nftiking the lye slightly acid in reaction by the addition 
of alum and acid, then filtering. This filtered lye is then 
neutralized to the proper point with caustic, as already 
dcscril)ed, and passed llinnigh the Cdter pre^s again. 

While in the iiielliod of treating the lyes as given sul- 
furic acid is used for neutrali/ing, s«>iue oi)eralors prefer 
to use hydrochloric acid, as this forin.s sodium chloride or 
common salt, whereas sulfuric acid forms sodium sul- 
fate, having -’s the graining power of salt, which event- 
ually renders the salt useless for graining the soap, as the 
jKTccnlage of sodium .sulfate increases in the .salt. When 
the .sail Contains 25 per cenl. .sodium sulfate it is advisable 
to throw It away. .Sulfuric acid, however, is eonsidcrably 
cliea])er than hyjlrocliloric and ibis more iban eompensates 
<1? • necessity of having to eventually reject the recovered 
salt, k may here also be mentioned that recovered sail 
contains 5 7 jier cent, glycerine which should be washed 
out ii^ the evaporal<>r before it is thrown away. The follow- 
ing tables give the approximate theoretical amounts of 
acids of various straiigtlis rc<iuired to neutralize one 
pound of caustic soda: • 

For 1 pound of caustic .soda — 

3.25 lbs. 18® 11. liydr.ichloric (muriatic) acid arc required. 

2.92 “ 20® B. “ 

2.58 “ 22* B. “ “ “ “ 
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For 1 pound of caustic soda— - 

1.93 lbs. 50** B. sulphuric acid are required. 

1.54 “ 60“ B. “ “ '• 

1.28 “ 66“ B. 

It is, of cour.sc, fca.sible to neutralize the .spent lye witli- 

out first determining the causticity by titrating a sample and 
this is often the case. 'I'he operator under such conditions 
first adds the sulfate of alumina, then the acid, u.sing 
litmus paper as his indicator. Comparatively, this method 
of treatment is much slower and not as positive, as the 
amount of acid or alkali to be added is at all times un- 
certain, for in the foaming of the lyes their action on litmus 
is nii.sleading. 

After the lye has been filtered to the filtered lye tank it 
is fed to the evaporator, the method of operation of which 
varies somewhat with different style.? or makes. When it 
first enters the evaporator the lye is about 11“-12“ B. After 
boiling the density will gradually rise to 27“ B. and remain 
at this gravity for some time and during which time most 
of the salt is dropped out in the salt filter. As the lye 
concentrates the gravity gradually ri.scs to 28“ -30“ B., which' 
is half crude glycerine and contains about 60 per cent, 
glycerine. Some operators carry the evaporation to this 
point and accunjulatc a quantity of half crude before going 
on to crude. After half crude is obtained the temperature 
on the evaporator increases, the vacuum increases and the 
pressure on the condensation drain goes up (using the same 
amount of live steam). As the liquor grows hcavic*r the 
amount of eva]>oration is le.'.s, and Jess steam is required 
necessitating the rognlation of the steam pressure on the 
drum. When a temperature of 210“ F. on the evaporator, 
with 26 or more inches vacuum on the pump is arrived at, 
the crude stage has been reached and the liquor now con- 
tains about 80 per cent, glycerine in which shape it is 
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usually sold by soap manufacturers. A greater concen- 
tration requires more intricate apparatus. After settling a 
clay in the crude tank it is drummed. 

Crude glycerine (about 80 per cent, glycerol) free from 
salt is 33° B (T has a specific gravity of 1.3. A sample 
boiled in an open disli boil.s at a temperature of 155® C. 

. or over. 

TWITCIIEU. 1‘ROCESS. 

The Twitchell process of saponification consists of caus- 
ing an almost complete cleavage of fats and oils by the use 
of the Twitchell reagent or saponifier, a sulfo-aromatic 
compound. This is made by the action of concentrated 
sulfuric acid upon a .solution of oleic acid or stearic acid 
in an aromatic hyilrocarhon. From 05 per cent, to 3 per 
cent, of the reagent is added and saponification takes place 
from 12-48 hours hy lieating in a current of live steam 
The reaction is usually accelerated by the presence of a few 
per cent, of free fatty acids as a starter. Recently the 
Twitchell douMe reagent has been introduced through 
.which it is claimed (hat better colored fatty acids are ob- 
tained and the glycerine is free from ash. 

The advantages claimed for the Twitchell process as 
outlined by Joslin’ arc as follows: 

1. All the glycerine is .separated from Ae stock before 
entering the kettle, preventing lo.ss of glycerine in the soap 
and removing glycerine from spent lye. 

2. Ji be liquors contain 15-20 per cent, glycerine whereas 
spent lyes contain but 3-5 per cent, necessitating less 
evaporation and consequently being more economical in 
steam, labor and time. 

3. No salt is obtained in the liquors which makes the 
evaporation cheaper and removes the cause of corrosion of 

*Journ. Ittd. Enj. Chem. (1909), I, p. 654. 
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the evaporator; also saves the glycerine retained by the 
salt. 

4. The glycerine liquors are purer and thus the treatment 
of the lyes is cheaper and simpler and the evaporation 
less difficult. 

5. The glycerine can readily he evaporated to 90 per cent, 
crude rather than 80 per cent, crude, thus saving drums, 
labor in handling and freight. The glycerine furthermore 
receives a higher rating and price, being known as saponi- 
fication crude which develops no glycols in rclining it. ' 

6. The fatty acids obtained by the Twitchell saponificr 
may be converted into soap by carbonates, thus saving 
cost in alkali. 

7. There is a decrease in the odor of many strong 
smelling stocks. 

8. The glycerine may be obtained from half boiled and 
cold made soaps as well as soft (pota.sh) soaj)s. 

While the advantages thus outlined are of decided value 
in the employment of the 'I witcbell pr(icts.s, the one great 
disadvantage is that the fatly acitls obtaim^d are rather 
dark in color and are not satisfactorily emploNcd for the 
making of a soap where whiteness of color i.« desired. 

To carry out the process the previously heated oil or 
fat to be sapoirlied is run into a lead lined tank. As 
grea.ses and tallow often contain impnriiies a jirelimiiiary 
treatment with sulfuric acid is necessary. I'’or a grease 
1.25 per cent, of half w’ater and half frf'P B. sulfuric ^cid 
is the approximate amount. The umlilutcd 66* B. acid 
should never be added directly, as«lhc grea.se would be 
charred by this. The grea.se shcmld he agitated by steam 
after the required percentage of acid, calculated on the 
weight cf the grease, has been added. The wash lye 
coming off should be B. on a good clean grease or 

15*-22* B. on cotton oil or a poor grease. As has been 
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stated the grease is heated before the acid is added or the 
condensation of the steam necessitates the addition of more 
acid. After having boiled for 1-2 hours the grease is 
allowed to settle for 12 hours and run off through a swivel 
pipe. 

After the grease has been washed, as just explained, 
and settled, it is pumped Into a covered wooden tank con- 
taining an open brass coil. Some of the second lye from 
a previous run is usually left in this tank and the grease 
ptimped into this. The amount of this lye should be about 
one-third l«j one-half the weight of the grease so that there 
is about OQ per cent, by w'cight of grease in the tank after 
24 hours boiling. Where occasions arise when there is no 
second lye about 50 per cent, by weight of distilled water 
to the amount of grease is run into the tank to replace the 
lye. The sai)oiiirier is then added through a glass or 
granite ware funnel after the contents of the tank have 
been brought to a I'oil. If the boiling is to be continued 
4S liunr.s, 1 pei cent. <»[ saponifier is added. For 24 hours 
Jiniliiig add 1.5 per cent. I he boiling is continued for 24-48 
hours allowing 18 inches for boiling room or the grease 
will I'oil over. 

After boiling has continued the required length of time 
♦he mass is settled ami the gl>cerinc watcr«is drawn off to 
the treatment tank. Should a permanent emulsion have 
fcirmed, due to adding too great an amount of saponifier, 
a li^jtlc sulfuric acid (0.1 per cent.-0.3 per cent.) will 
readily break this. During the lime this is being done the 
space between the gresise and the cover on the tank is kept 
filled with steam a.*'" contact with the afr darkens the fatty 
acids. 

To the grease remaining in the tank distilled water (con- 
densed water from steam coils) to one-half its volume is 
added and the boiling continued 12-24 hours. The grea.se 
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is then settled and the clear grease run off through a 
swivel pipe. A layer of emulsion usually forms between 
the clear grease and lye so that it may easily be de- 
termined when the grease has all been run off. To pre- 
vent discoloration of the fatty acids it is necessary to 
neutrali/e the lye with barium carbonate. The amount of 
this to be added deiJcnds upon the percentage of saponilier 
used. About 1/10 the weight of saponiiicr i.s the right 
amount, 'i he barium carbonate is added through the fun- 
nel at the top of the tank mixed with a little water and 
the lye tested until it is neutral to methyl orange indicator. 
When the fatty acids arc thus treated they will n()t darken 
upon expo.sure to the air when run off. 

Fresh grease is n<»w pumped into the lyc or water re- 
maining in the tank and the proce.ss repeatetl. 

The glycerine water or br.sl l>e is run to the treatment 
tank, the fat skimmed <jff and neutralized with lime until it 
.shows pink with plionolplithalein, after having ])een thor- 
oughly boiled with steam. About 0.25 per cent, lime i.s the 
proper amount to add. 'rite mixture is llicn allowed to 
settle and the supernatant mixture flrawii off and run to the 
glycerine evaporator fee<l tank. 'I'lie lime which hold.s 
considerable glycerine is filtered and the li<|iior adtlcd to the 
other. The evapioralion is carried (mt in t\\o stages. 'Fhe 
glycerine water is first evaporated to abotit 00 per cent, 
glycerol, tlien dropped into a settling tank to settle out the 
calcium sulfate. The clear liquor is then evaporatejj to 
crude (about 90 per cent, ghcerine) and the sediment 
filtered and al.so evaporated to crude* 

As to the^mounUff saponiiicr to ii.se on various stocks, 
this is best determined by experiment as to how high a 
percentage give.s dark colored fatty acids, 1^'or good stock 
such as clean tallow, prime cotton.sced oil, corn oil, 
cocoanut oil and stock of this kind 0.75 per cent, saponiher 
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is sufficient. For poorer grades of tallow, house grease, 
poor cottonseed oil, etc., 1 per cent, saponifier is required 
and for poorer grade greases higher percentages. The 
percentage of fatty acids developed varies in various stocks, 
and also varies with the care that the operation is carried 
out, Imt is usually between 85 per cent.-9S per cent. Due 
to the w'aler taken up in the saponification process there 
is a yield of about 103 pounds of fatty acids and glycerine 
for 100 pounds of fat. 

• The Twitchell reagent has undoubtedly caused a decided 
advance in the saponification of fats and oils and has been 
of great value to the soap manufacturer, because \vi<b a 
small expenditure it is possible to compete with the much 
more expensive equipment necessary for autoclave sapon- 
ification. The drawback, however, has been that the 
reagent imparted a dark color to the fatty acids obtained, 
due to decomposition products forming when the reagent 
is made, and hence is not suitable for use in soaps where 
whiteness of color is desired. 

There have recently been two new reagents introduced 
which act as catalyzers in splitting fats, just as the Twitchell 
reagent acts, but the fatty acids produced by the cleavage 
are of good color. The .saponification, furthermore, takes 
t)bice more rapidly. '1 hesc arc the Pfciliing reagent and 
Koiilact reagent. 

The rfeilring reagent is very similar to the Twitchell 
reawnt, being made from hydrogenated castor oil and 
naphthalene by sulfonation with concentrated sulfuric acid. 
It is mannfactiircd ii^ Germany and is being extensively 
used in that country with good success. 

The Kontact or IVtrolT reagent, discovered by Petroff in 
Russia, is made from sulfonatcd mineral oils. Until very 
recently it has only been manufactured in Europe, but now 
that it has been found possible to obtain the proper min- 
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eral constituent from American petroleum, it is being manu- 
factured in this country, and it is very probable that it will 
replace the Twitchell reagent because of the advantages 
derived by using it, as compared to the old Twitchell 
reagent. 

The metluKl and eijuipmcnt necessary for employing 
either the Pfeilring or Kontact reagents is exactly the 
same as in using the Twitchell process. 

AUTOCLAVE SAPONIFICATION. 

While the introduction of the Twitchell process to a 
great extent replaced the autoclave method of saponifica- 
tion for obtaining fatty acids for soap making, the auto- 
clave method is also u.scd. This process consists in heat- 
ing the previously purified fat or oil in the presence of 
lime and water, or water only, for several hours, which 
causes a splitting of the glycerides into fatty acids and 
glycerine. The advantage of autoclave saponification over 
the Twitchell process is that a greater cleavage of the fats 
and oils results in less time and at a slightly less expense. 
The glycerine thus obtained is al.so purer and of better 
color than that obtained by Twritchelling the fats. 

An autoclave or digcslor consists of a strongly construct- 
ed, closed cylindrical tank, usually made of copper, and is 
so built as to* resist internal pressure. The digestor is 
usually 3 to 5 feet in diameter and from 18 to 25 feet high. 
It may be set up horizontally or vertically and is covered 
with an asbe.stos jacket to retain the heat. Various inlets 
and outlets for the fat*', steam, etc., as well as a pressure 
gauge and safety valve are also a* necessary part of the 
equipment. 

IJME SAPONIFICATION. 

The .saponificatnm in an autoclave is nsnally carried out 
by irtroducing the fats into the autoclave with a percentage 
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of lime, magnesia or zinc oxide, together with water. If 
the fats contain any great amount of impurities, it is first 
necessary to purify them either by a treatment with weak 
sulfuric acid, as described under the Twitchell process, or 
by boiling them up with brine and settling out the impuri- 
ties from the hot fat. 

To charge the autoclave a partial vacuum is created 
therein by condensation of steam just before running the 
purified oil in from an elevated tank. The required quan- 
tity of unslaked lime, 2 to 4 per cent, of the weight of the 
fat, is run in with the molten fat, together with 30 per 
cent, to 50 per cent, of water. While 8.7 per cent, lime is 
theoretically required, practice has shown that 2 per cent, 
to 4 per cent, is sufficient. The digester, having been 
charged and adjusted, steam is turned on and a pressure 
of 8 to 10 almo.si)luTc.s maintained thereon for a period of 
six to ten hours. Samples of the fat are taken at 
various intervals and the percentage of free fatty acids de- 
termined. When the saponification is completed the con- 
tents of the autoclave are removed, usually by blowing out 
the digester into a w<io<lcu settling tank, or by first running 
off the glycerine water and then blowing out the lime, .soap 
and faity acids. The mass discharged from the digester 
.sepTrate.s into two layers, the upper consisting of a mix- 
ture of lime S(;ap or “rock” and fatty acids, and the lower 
layer contains the glycerine or “sweet” water. The glycer- 
ine water is first run off through a clearing tank or oil 
sepai^tor, if this has not been done directly from the auto- 
clave, and the mass retj|aining washed once or twice more 
with water to remove any glycerine still retained by the 
lime soap. The calculated amount of sulfuric acid to de- 
compose the lime “rock” is then added, and the mass agi- 
tated until the fatty acids contained therein are entirely 
set free. Another small wash is then given and the wash 
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water added to the glycerine water already run off. The 
glycerine water is neutralized with lime, filtered and con- 
centrated as in the Twitchell process. 

Due tp the difficulties of working the autoclave saporifi- 
cation with lime, decomposing the large amount of lime 
soap obtained and dealing with much gypsum formed 
thereby which collects as a sediment and necessitates clean- 
ing the tanks, other substances are used to replace lime. 
Magnesia, about 2 per cent, of the weight of the fat, is used 
and gives better results than lime. One-half to 1 per cfent. 
of zinc oxide of the weight of the fat is even better 
adapted and is now being extensively employed for this 
purpose. In using zinc oxide it is possible to recover the 
zinc salts and use them over again in the digestor, which 
makes the process as cheap to work as with lime, with far 
more satisfactory results. 

ACID SAPONIFICATION. 

While it is possible to saponify fats and oils in an auto- 
clave with the addition of acid to the fat, unless a spcciall^'- 
constructed digestor is built, the action of the acid on the 
metal from which the autoclave is constructed prohibits 
its use. The acid saponification is therefore carried out by 
another method. 

The method of procedure for acid saponification, there- 
fore, is to fir.sl purify the fats with dilute acid a.s alrcatl> 
dcscrilied. The purified, hot or w'arm, dry fat is then run 
to a specially-built acidifier or a load-lined tank anS from 
4 per cent, to 6 per cent, of ccyicentrated sulfuric acid 
added to the fat, 'dejiciifling ui)on its character, the degree 
of saponification reejuired, temperature and time of sapon- 
ification A temperature of 110 degrees C. is maintained 
and the mass mixed from four to six hours. The tank is 
then allowed to settle out the tar formed during the sapon- 
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ification, and the fatty acids run off to another tank and 
boiled up about three times with one-third the amount of 
water. The water thus obtained contains tlie glycerine, 
and <ifter neutralization is concentrated. ' 

AQUEOUS SAPONIFICATION. 

. While lime or a similar substance is ordinarily used to 
aid in splitting fats in an autoclave, the old water process 
is still used. lhi.s is a convenient, though slower and 
iiiCire dangerous method, of pn)ducing the hydrolysis of 
the glyceride, a.s well a.s the simplc.st in that fatty acids 
and glycerine in a water solution are obtained. The method 
consists in merely charging the autoclave with fats and 
adding about 30 per cent, to 40 per cent, of their 
weight of water, depciuting on the amc'iinl of free 
fatty acid and subjecting the charge to a pres- 
sure of 150 to 300 pnunds, umil the splitting has 
taken place. '‘I’hi.s is a nuirh higher pressure than when 
lime is used and therefore a wrv strong nutc'clave is re- 
quired. Since fatty acids and pine glycerine water are 
obfained no suhseiiucnt treatment of the finished charge is 
necessary except separating the glvecrinc water and giving 
the fatty acids a wash with water to remove all the 
glvccrine from them. 

splittjno fats with fer.ments. 

In di.sciissing the cau.'jcs of rancidity of oils and fats it 
was jg.ointed out that the initial splitting of these is due 
to enzymes, organized ferment. s. Tn the seeds of the 
castor oil plant, especijflly in the protoplasm of the seed, 
the enzyme which has the property of Causing hydrolysis 
of the glycerides is found. The ferment from the seeds 
of the castor oil plant is now extracted and used upon a 
commercial basis for splitting fats. 

The equipment necessary to carry out this method of 
lai 
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sapunificatioii is a round, iron, lead-lined tank with a conical 
bottom, preferably about twice as long as it is wide. Open 
and closed steam coils are also necessary in the tank. 

The oils are first heated and run into this tank. The 
right temperature to heat these to is about 1 degree to 2 
degrees above their solidification point. For liquid oils 
23 degrees C. is the proper heat as under 20 degrees C. 
the cleavage takes place slowly. Fats titering 44 degrees 
C. or above must be brought down in tiler by mixjng 
with them oil.s of a lower titer as the ferment or enzyme 
IS killed at about 45 degrees C. ami thus loses its power 
of splitting. It is also necessary to have the fat in the 
liquid state or the ferment docs not act. The proper 
temperature must be maintained with dry steam. 

It is, of course, necessary to add water, which may be any 
kind desired, condensed, water from steam coils, well, city, 
etc. From 30 per cent, to 40 per cent., on the average 35 
per cent of w'atcr is added, as the amount necessary is 
regulated so a'' in not dilute the glycerine water unneces- 
sarily. I o increase the hydroly.sis a ciital\zer. some iKm- 
tral salt, u.snally manganese sulfate is added in the propor- 
tion of 0.15 per cent, ajipears to vary directly as the 
sapniiificaticMi numbcT nf the fat or oil. The appro.ximalc 
percentages o4 feniientiw snbsiamT to be added to various 
oils and fats follow: 


Cocoanut oil 8 % 

Palm Kerm-1 *»d .8 

Cottonseed oil c 6-7 % 

Linseed oil ^ - 4-S % 

Tallow oil 8-10% 


The oil, water, manganese .sulfate and ferment having 
been placed in the tank in the order named, the mixture is 
agitated with air for about a qvbrter of an hour to form 
122 
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an even emulsion, in which state the mass is kept by stirring 
occasionally with air while the saponification is taking 
place. A temperature is maintained a degree or two above 
tlic%titcr point of the fat with closed steam which may 
be aided by covering the tank for a period of 24 to 48 
hours. The splitting takes place rapidly at lirst, then pro- 
ceeds more' slowly. In 24 hours 80 per cent, of the fats are 
split and in 48 hours 85 per cent, to 90 per cent. 

When the cleavage has reached the desired point the 
ntbss is heated to 80 dcgrees-85 degrees C. with live or 
indirect steam vvliile stirring with air. Then 0.1 per cent.- 
0.15 tier cent <if concentrated sulfuric acid diluted with 
water is added to break the einul.sion. When the emulsion 
is broken the glycerine water is allowed to settle out and 
drawn off. The glycerine water contains 12 per cent, 
to 25 per cent, glycerine and contains manganese sulfate, 
sulfuric acid and albuminous matter. Through neutraliza- 
tion with lime at boiling temperature and filtration the 
impurities can almost all be removed after which the 
g^cerine \sater may he fed to the evaporator. Should it be 
desired to overcome the trouble due to the gypsum formed 
in the glycerine, the lime treatment may be combined with 
i previou.s treatment of the glycerine water with barium 
hydrate to remove the sulfuric acid, then l^cr oxalic acid 
to precipitate the lime. 

The tally acids obtained by splitting with ferments are of 
verj^good color and adaptable for snap making. 

KKFJilTZ rkrCES'^. 

The Kiebitz process Vhich has been u^ed In some extent 
in F.urnpe is based upon the cniiveision of the fat or oil 
into lime soap which is transf«»nncd into tlic soda soap by 
the addition of sodium carbonate. To carry out the process 
a coiuenicnt bateli of, say, 10,000 pounds of fat or oil, is run 
into a shallow kettle containing 1,200 to 1,400 pounds of lime 
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previously slaked with 3,700 to 4,500 pounds of water. The 
mass is slowly heated with live steam to almost boiling 
until an emulsion is obtained. he tank is then covered 
and allowed to stand about 12 hours. The lime soap jhus 
formed is dro]»ped from the tank into the hopper of a 
mill, finel}' ground and conveyed to a leeching tank. The 
glycerine is vvashed out and the glycerine water run to a 
tank for ivaporatii'ii. Jhc soap is then further washed 
and these washings are run to other tanks to be used o\er 
again to wash a fresli batch of soap. Ahtini 150.(XX) pounds 
of water will \va‘'h the snap niadc from 10,001) pounds of 
f.at which makes between 15.000 and lO.OOO pounds of so:i]). 
The first wa^li contains approximately 10 per cent, glycer- 
ine and under ordinary citcumstanccs this only need be 
evaporated for glycerine recovery. 

After extracting the ghceiine the soap is sluwly intro- 
duced into a boiling sohni..n t-f sodium carbonate or soda 
ash and boikd until the soda has replaced the lime. This 
IS imlicated by the disappearance of the small lumps of 
lime soap. Caii-lic soda is then added to saponify the fat 
not (•oinerl<’d by the Imie s'lpiifu'ieatiun. I’be snap is linn 
salted out and allowed to sUlle out the calcium carbonate. 
This drop*! lu ilie bottom of the kettle as a heavy sludge 
entangling ak^nt b' ])er cent, of tiie s'Mp. A iiorlion of 
■^diis soap may be rccoveio/l bv agitating the sludge with 
heat and water, pumping the soap off Ih*' top ami fdtering 
the remaining sludge. ^ 

While tin- '*oap ihtu ebiained i' veiy g"ofl. the percent* 
age (jf glycerine rtve.trdl is giettly mcre.-oed ami the 
cost of alkali a*, c.whrinate is les, The disadvantages are 
many. Large quantities of lime arc requiied; it is difficult 
to recover the soap from the lime sludge ; the operations arc 
numerous,prior to the soap making jiroper and rather com- 
plicated apparatus is required. 
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DISTILLATION OF FATTV ACIDS. 

Tlie fall.v acids obtained by various methods of saponifi- 
cation may be further improved hy distillation. 

Hi order to carry out this distillation, two methods may 
lie piu’sucd, fir.sl, the continuous method, whereby the 
fatty acids are continually distilled for five to six days, 
and, second, the two phase method, whereby the distilla- 
tion continues for 16 to 20 hour^, after which the residue 
is^ drawn off, treated with acid, and its distillate added 
to a fre.sb char^TC td fatty acids. The latter method is hy 
far the best, since the advamages derived by thus pro- 
ceeding more than compensate the necessity of cleaning 
the still, lielter colored fatty acids arc obtained; less 
un''aponifialde matter is contained therein; there is no 
accumulation of impurities; the amount of neutral fat 
is lo.sscned hceaiise the trcalmcnt of the tar with acid 
causes a cleavage of the neutral fat and the candle tar or 
pitch ohlaitied is liarder and better and thus more valu- 
ai)le. 

•■I he stills are usually built of copper, which are healed by 
I 'Mill diu-ct tire and suiierhcated steam. Distillation under 
\:ici!um is ad\isaltle. To begin the distilling operation, the 
till is first lilled with dry hot fatty acids to the proper 
Iccil Superheated .sieain is then admittciT aud the con-,, 
denser is lir^t heated to prexciit the freezing of the fatty 
:i«*ids, passing o\er into .same. When the temperature 
icai^e= 230 deg. C. the distillation begins. At the begin- 
ning, the fatty acids from the condenser, an intense 
green color, due to the formation of copper .soaps produced 
liy the action of tlic fatty acids on the copper .still. This 
color may easily be rcmcn’cd hy treating with dilute acid 
to decompose the copper soaps. 

In vacuum distillation, the operation is begun without 
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the use of vacuum. Vacuum is introduced only when the 
distillation has proceeded for a time and the introduction 
of this must be carefully regulated, else the rapid influence 
of vacuum will cause the contents of the still to overflow. 
When distillation has begun a constant level of fatty acids 
is retained therein by opening the feeding valve to same, 
and the heat is so regulated as to produce the desired r.nte 
of distillation. As soon as the distillate flows darker and 
slower, the feeding valve to the still is shut off and the 
distillation continued until nu»st of the contents of the still 
arc distilled off, which is indicated by a rise in the tempera- 
ture. Distillation is then discontinued, the still shut down, 
and in about an hour the contents are siiflicienll> cool to 
be emptied. The residue is run off into a proper receiv- 
ing vessel, treated with dilute acid and used in the distil- 
lation of tar. 

In the distillation of tar the .same method as the ai>t)ve 
is followed, only distillation proceeds at a higher tempera- 
ture. The first portion and last portion of the distillate 
from tar are so dark that it is neces.sary to add them to 
a fresh charge of fatty acids. By a well conducted dislfl- 
lation of tar al>out 50 per cent, of the fatty acids frcmi the 
tar can be used to mix with the di.stilled fatty acids. The 
residue of this operation called stearine pitch or candle tar 
..consists of a hard, brittle, dark substance. Elastic pitch 
only results where {listillation has been kept constant for 
several days wftJiout interrupting the process, and re- 
distilling the tar. In .» good dislilialion the distillftion 
loss is 0.5 to 1.5*; r and loss it. pi^th l.SVt. Fatly acids 
which are not acidjficd deliver about yA of pitch. Very 
ii.ipure fat.s yield even a higher percentage in spite of 
acidifying. For a long time it was found impossible to 
find any use for stearine pitch, but in recent years a use 
has been found for same in the electrical installation of 
cables. 
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CHAPTER VI 

Analytical Methods. 

While it is possible to attain a certain amount of 
efficiency in determining the worth of the raw material 
entering into the manufacture of soap through or- 
ganoleptic methods, these are by no means accurate. 
It^ is, therefore, necessary to revert to chemical meth- 
ods to correctly determine the selection of fats, oil or 
other substances used in soap making, as well as stand- 
ardizing a particular soap manufactured and to properly 
regulate the glycerine recovered. 

It is not our purpose to cover in detail the numerous 
analytical processes which may be employed in the ex- 
amination of fats and oils, alkalis, soap and glycerine, 
as these are fully and accurately covered in various 
texts, but rather to give briefly the necessary tests 
wliich ought to be carried out in factories where large 
amounts of soap arc made. Occasion often arises where 
it is impossible to employ a chemist, yet it is possible to 
have this work done by a competent person or to have 
'omeone instruct himself as just how to carry out 
the more simple aiial)'ses, which is not a very difficult* 
matter. The various standard solutions necessary to 
carrying out the simpler titratfon.s can readily be pur- 
chased from dealers in chemical apparatus and it does 
not take extraordinary intelligence for anyone to op- 
erate a burette, yet in many soap plants in this country 
absolutely no attention is paid to the examining of raw 
material, though many thousand pounds are handled 
annually, which, if they were more carefully examined 
would result in the saving of much more money than 
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it costs to examine them or have them at least occa- 
sionally analyzed. 

AXALvsrs (»r i- vrs and oij.s. 

In order to arrive at proper results in the analysis 
of a fat or oil, it is necessary to have a proper sample. 
To obtain this a sample of several of the packai>es of 
oil or fat is taken and these mixed or irndteii toi>:ethcr 
into a composite sample which is used in making tlie 
tests. If the oil or tat is solid, a tester is used in taking; 
the sample from the package and if they are liquid, it 
is a simple matter to draw off a uniform sample from 
each package and from these to form a composite 
sample. 

In purchasing an oil or fat for soap making, the manu- 
facturer is usually interested in the 'imount of free fatty 
acid contained therein, of moisture, the titer, the per- 
centage of iinsaponinable matter and to previously de- 
termine tlie color of soap which will he obtained where 
color is an object. 

PETERMJ NATION OF YKLE ACIHS. 

Since the free fatt> acid content of a fat or oil represents 
a loss of glycerine, the greater the percentage of free 
-■fatty acid, the less glycerine is contained in the fat or 
oil, it is advisable to piircba.se a fat or oil with the lower 
free acid, other properties and the price being the same. 

While the mean molecular weight of the mixcd*^ee 
fatty acids varies with the saine^and different oils or 
fats and should « be dctemiiiud for any particular 
analysis for accuracy, the free fatty at id is u.sually ex- 
pressed as oleic acid, which has a molecular weight of 
282. 

To carry out the anahsis 5 20 grams of the fat are 
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weiglied out into an Erlciimeyer flask and 50 cubic cen- 
timeters of carefully neutralized alcohol are added. In 
order to neutralize the alcohol add a few drops of 
pjjenolphthaleiii solution to same and add a weak 
caustic soda solution drop by drop unti^ a very faint 
pink color is obtained upon shaking? or stirring the 
alcohol thoroufihly. The mixture of fat and neutralized 
alcohol is then heated to boiling and titrated with tenth 
normal alkali solution, using phenolphthalein as an in- 
dicator. As only the free fatly acids are readily soluble 
in the alcohol and the fat itself only ^liJJ;htlv mixes .with 
it, the flask should be well agitated toward the end of 
the titration. When a faint pink color remains after 
thoroughly agitating tlie flask the end point is reached. 
In order to calculate the percentage of free fatty acid 
as oleic acid, multiply the number of cubic centimeters 
of tenth normal alkali used as read on the burette by 
0.0282 and divide by the number of grams of fat taken 
for tlte determination and mulliidy by 100. 

When dark colored oils or fats are being titrated i: is 
often dinieull to obtain a good end point with phenolph- 
llialein. In such cases about 2 cubic centimeters of a 
2 per cent, alcojiolic solution of Alkali Blue 6 B is 
recommended. ^ 

Another method of directly determining the free fati^y 
acid '-oiiteiit of tallow’ or grease upon which this de- 
termination is mo.st often made is to weigh out into an 
Bfflennieycr fla.sk exactly 5.645 grams of a sample of 
tallow or grease, ^dd about 75 cubic centimeters of 
neutralized alcohol. Heat until it bails, then titrate \vith 
tenth normal alkali and divide the reading by 2, which 
gives the percentage of free fatty acid as oleic. If a 
fifth m rmal caustic solution i® used, the reading on the 
burette gives the percentage of free fatty acid directly. 


129 



SOAP-MAKING MANUAL 


This method, while it eliminates the necessity of calcula- 
tion, is troublesome in that it is difficult to obtain the 
exact weight of fat. 

MOISTURE. 

To calculate the amount of moisture contained in a fat 
or oil 5 to 10 grams are weighed into a Hat bottom dish, 
together with a known amount of clean, dry sand, if it 
is so desired. The dish is then heateil over a water 
bath, or at a temperature of 100-110 degs. C, until it 
no longer loses weight upon <lr\ing and reweighing tht 
dish. One hour shouhl elapse between the time the 
dish is put on the water bath and the time it is taken off 
to reweigh. The difTcrence between the weight of the 
dish is put on the water bath anti the time it is taken off 
when it reaches a constant weight is moisture. This 
difference divided by the original weight of the fat or 
oil X 100 gives the percentage of moisture. 

When highly unsaturated fats or oils arc being ana- 
lyzed for moisture, an error may be introduced either 
by the absorption of ox\gen, which is acrelcralerl ai 
higher temperature, or by the formation of volatile fatty 
acids. The former causes an increase in weight, the 
latter causes a decrease. To obviatd this, the above 
operation of diying should be carried out in the pres- 
efice of some inert gas like hydrogen, carbon dioxide, 
or nitrogen. 

TITER. 

The titer of a fat or oil is really^an indication of the 
amount of stearic ^acid contained therein. The titer, 
expressed in degrees Centigrade, is the solidification point 
of the fatty acids of an oil or fat. In order to carry out the 
operation a Centigrade thermometer graduated in one or 
two-tenths of a degree is necessary A thermometer grad- 
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uatcd between 10 (legs, centigrade to 60 degs. centi- 
grade is best adapted and the graduations should be 
clear cut and distinct. 

To make the determination about 30 grams of fat are 
roughly weighed in a metal dish and 30-40 cubic centi- 
meters of a 30 per cent. (36 degs. Baunic) solution of 
sodium hydro.\ide, together with 30-40 cubic centimeters 
of alcohol, denatured alcohol will do, arc added and the 
mass heated until saponified. Heat over a low flame or 
over an asbestos plate until the soap thus formed is dry, 
constantly stirring the contents of the dish to prevent 
burning. The dried soap is then dissolved in about 1000 
cubic centimeters of W'ater, being certain that all the 
alcohol has been expelled by boiling the soap solution 
for about half an hour. When the soap is in solution 
add sufficient sulphuric acid to decompose the soap, ap- 
proximately 100 cubic centimeters of 25 degs. Baumc 
sulphuric acid, and boil until the fatty acids form a clear 
layer on top of the liquid. A few pieces of pumice stone 
put into the mixture will prevent the bumping caused by 
boiling. Siphon off the water from the bottom of the 
dish and wash the fatty acids with boiling water 
until free from , sulphuric acid. Collect the fatty 
acids in a small casserole or beaker and dry them over 
a steam bath or drying oven at 110 degs. Centigrade 
VN'hen the fatty acids are dry, cool them to about 10 
degs. above the titer expected and transfer them to a 
tiffr tube or short test tube which is firmly supported 
by a cork in the opening of a salt mouth bottle. Hang 
the theriTK'meter by 'a cord from aljovc the supported 
tube so it reaches close to the bottom when in the titer 
tube containing the fatty acids and so that it may be 
used as a stirrer. Stir the mass rather slowly, closely 
noting the temperature. The temperature will grad- 
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ually fall during tin.* stirring oporatkjii and fnially re- 
main stationary for half a minute or so then rise from 
0.1 to 0.5 degs. The highest point to which the mer- 
cury rises after having been stationary is taken as /he 
reading of the titer. 

DhTERMI NATION OK UNhAIDNlFIABLE MATTER. 

In order to delerinine the unsaponifiable matter in 
fats and oils they arc first saponified, then the unsaponi- 
fiable, which consists mainly of hydrocarbons and the 
higher alcohols cholesterol or phytosterol, is extracted 
with ether or petroleum ether, the ether evaporati'd 
and the residue weighed as unsaponifiable. 

To carry out the process first saponify about S grams 
of fat or oil with an excess of alcolndic jKilassium hy- 
drate, 20-30 cubic centimeters of a i to lO solution of 
potassium hydroxide in alcohol until the alcohol is 
evaporated over a steam bath. Wash the soap thus 
formed into a s<‘i>aratory lunnel of 200 cubic ceniimeier.-) 
capacity with 80-100 cubic ceniimeter.s water. Then 
add about 60 cubic centimeters of ether, petroleum 
ether or 86 degs. gasoline and thoroughly shake the fun- 
nel to extract the unhaponifiable. Sho^ild the two layers 
njDt separate readily, add a itw cubic centimeters of 
nJcobol, whiefi will readily cause them to separate. 
Draw off the watery solution from beneath and wash 
the ether with water containing a few’ drops of sodium 
hydrate and run to another dish. Tour the watery soFu-^ 
tion into the funnel again and (^:pcat the extraction 
once or twice inoye or until the ether shows no dis- 
coloration. Combine the ether extractions into the fun- 
nel and wash with water until no alkaline reaction is 
obtained from the wash water. Run the ether extract 
to a weighed dish, evaporate and dry rapidly in a drying 


13J 



ANALYTICAL METHODS 


oven. As some of the hydrocarhom. are readily volatile 
at 100 degs. Centigrade, the drying should not be car- 
ried on any longer than necessary. The residue is then 
weighed and the original weight of fat taken divided 
into the weight of the residue X 100 gives the percentage 
unsaponifiable. 

TEST FOR COLOR OF SOAP. 

It is often desirable to determine the color of the fin- 
ished soap by a rapid determination before it is made 
in\o soap. It often happens, especially with the tallows, 
that a dark colored sample produces a light colored 
soap, wherea.s a bleached light colored tallow produces 
a .soap off shade. 

To rapidly determine whether the color easily washes 
out of the tallow with lye, 100 cubic centimeters of tal- 
low are saponified in an enameled or iron dish with 
100 cubic centimeters of 21 degs. Raume soda lyc and 
100 cubic centimeters of denatured alcohol. Continue 
heating over a wire gauze until all the alcohol is ex- 
p(Jled and then add 50 cubic cenlimeter.s of the 21 degs. 
Raume lye to grain the soap. Allow the lyes to settle 
and with an inverted pipette draw off the lyes into a 
test tu^e or bottle.® Close the soap with 100 cubic centi- 
meters of hot water and when closed ag^n grain with 
.50 cubic centimeters of the lye by just bringing to t 
boil over an open flame. Again allow the lyes to settle 
aiy^put aside a sample of the lyc for comparison. Re- 
peat the process of closing, graining and settling and 
take a sample of lyc.* If the lye is still discolored re- 
peat the above operations again or until tbe lyc is color- 
less. Ordinarily all the color will come out with the 
third lye. The soap thus obtained contains considerable 
water which makes it appear white. The soap is, there- 
fore, dried to about 15 per cent, moisture and examined 
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for color. The color thus obtained is a very good cri- 
terion as to what may be expected in the soap kettle. 

By making the above analyses of fats or oils the main 
properties as to their adaptability for being made htto 
soap arc determined. In some cases, especially where 
adulteration or mixtures of t»ils are suspected, it is nec- 
essary to further analyze same. The methods of carry- 
ing out these analyses are fully covered by various texts 
on fats and oils and we will not go into details regard- 
ing the method of procedure in carrying these out. 

TE.STING OK Al.KAl.IS U.^KIJ IN SOAP M \KINO. 

The alkalis entering into the manufacture of soap such 
as caustic so<la or sodium hydroxide, caustic potash or 
potassium hydrate, carlnmale of soda or sodium carbonate, 
carbonate of potash or potassium carbonate usually con- 
tain impurities which do not enter into combination with 
the fats or fatty acids to form .sotip. It is out of the ques- 
tion to use chemically pure alkalis in soap making, hence 
it is often necessary to determine the alkalinity of 
alkali. It may again be pointed out that in saponifying a 
neutral fat or oil only caustic soda or potash are efficient 
and the carbonate contained in these only combines to a 
more or less extent with any free fatty acids contained in 
tlie oils or fats. Caustic toda or potash or lyes made 
from these alkalis upon exposure to the air arc grad- 
ually converted into sodium or potassium carboiiatejiv^ 
the action of the carlxrn dioxide contained in the air. 
While the amount of carbonate thts formed is not very 
great and is greatc.«tt upon the surface, all lyts as well as 
caustic alkalis contain some carbonate. This carbonate 
introduces an error in the analysis of caustic alkalis when 
accuracy is required and thus in tlic analysis of caustic 
soda or potash it is necessary p) remove the carbonate 
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vhen the true alkalinity as sodium hydroxide or potas- 
iium hydroxide is desired. This may be done by titration 
n alcohol which has been neutralized. 

ki order to determine the alkalinity of any of the above 
mentioned alkalis, it is first necessary to obtain a repre- 
sentative sample of the siih.stance to be analyzed. To do 
:his take small samples from various portions of the pack- 
age and comliine them into a composite sample. Caustic 
[lotash and soda arc hygroscopic and samples should be 
weighed at once or kept in a well stoppered bottle. Sodium 
[)r potassium carbonate can be weighed more easily as 
Lh^ do not rapidly absorb moisture from the air. 

To weigh the caustic soda or potash place about five 
grams on a watch glas.s on a balance and weigh as rapidly 
as possible, \yash into a 500 cubic centimeter volumetric 
flask and bring to the mark with distilled water. Pipette 
off 50 cubic centimeters into a 200 culiic centimeter beaker, 
dilute slightly with distilled water, add a few drops of 
methyl orange indicator and titrate with normal acid. 
Fgr the carbonates about 1 gram may be weighed, washed 
into a 400 cubic centimeter beaker, diluted with distilled 
water, methyl orange indicator added and titrated with 
normal acid. It itf advisable to u.se methyl orange indi- 
cator in these titrations as phcnolphthaleiiu is affected bj; 
the carbon dioxide generated w'hen an acid reacts with a 
carbonate and does not give the proper end point, unles.s 
.solution is boiled to expel the carbon dioxide. Litmus 
may also be used as (lie indicator, but here again it is 
necessary to boil as carbon dioxide also affects this sub- 
.stance As an aid to the action of these common indica- 
tors the following table may Ik* helpful: 
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Color in 

Color in 


Indicator. 

Acid 

Alkaline 

Action of 


Solution. 

Solution. 

CO,. 

Methyl orange 

Red 

Yellow 

Very slightly a# id 

Phenolphtlialcin 

Colorless 

Red 

.\cid 

Litmus 

Red 

Ttluc 

Acid 


It may be further stated that methyl orange at the neu- 
tral point is orange in color. 

To calculate the percentage of effective alkali from the 
above titrations, it must he first pointed out that in tlic 
case of caustic pr>tash or soda aliquoit portions are 
taken. Thi^ is done to reduce the error necessarily tii- 
volvcd by weighing, as the absorption of water is decided. 
Thus we liad, say, exactly 5 grams which weighed 5.05 
grams by the time it wa*; balanced. This was dissolved 
in 5{X) cubic centimeters of water and SO cubic centimeters 
or one tcinli of the amount of the solution was taken, or 
in each 50 cubic cenlirneter.s there were 0.505 grams of the 
sample. V.'e thus reduced tiic error of weighing hy one 
tenth provided ollur cf ndili.ms intri'ducc no error. In 
the ca.se of the carbonates the weight i.s taken directly. 

One cubic centimeter of a normal acid solution is the 


equivalent of : • Grams. 

Sodium Cqrl)on.itc, 0.05305 

Sodium Hydroxide, NaOH 0.04006 

Sodium Oxide. Xa.0 0.02905 

Carbonate KjCO, 0,06908 

Potassium Hvdoxide. KOh 0.05616 

Potassium Oxide. Ki*') * 0.04715 


Hence to arrive at the alkalinity we multiply the num- 
ber of cubic centimeters, read on the burette, by the factor 
opposite the terms in which we de.sirt to express the al- 
kalinity, divide the weight in grams thus obtained by the 
original weight taken, and multiply the result by 100^ 
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which gives the percentage of alkali in the proper terms. 
For example, say, we took the 0.505 grams of caustic 
potash as e.xplained above and required 8.7 cubic centi- 
meter normal acid to nculralizc the solution, then 

8.7 X .05016 =. .4886 grams KOI! in sample 
.4886 

X lOl) — 06.73% KOH in sample. 

.505 

Caustic potash often contains some caustic soda, and 
while it is possiljle to express the results in terms of KOH, 
regardless of any lrt)uble that may be caused by this mix- 
ture in soap making, an error is introduced in the results, 
not all the alkali l)cing caustic potash. In such cases it is 
advisable to cunsult a book on analysis as the analysis 
is far more complicated than those given we will not 
consider it. 'Wie presence of carbonates, as already stated, 
also causes an orr(jr. 'I’o owrconic this the alkali is titrated 
in absolute alcohol, iiltering off the insoluble carbonate. 
The soluble portion is caustic hydrate and may be titrated 
as .such. The carbonate remaining on tlie filter paper is 
dissolved in water and titrated as carbonate. 

SOAP ANALYSTS. 

To obtain a sanij|)le of a cake of soap for analysis is a 
rather difficult matter as the inoi.slure contem of the outer 
and inner layer varies considerably. To overcome tl»3 
difficulty a borer or sampler may be run right through 
the cake of soap, or slices may be cut from various parts 
*<^the cake, or the cake may be cut and run through a 
meat chopper several^ times and mixed. A sufficient 
amount of a homogeneous sample obtained by any of these 
methods is preserved for the entire analysis by keeping the 
soap in a securely stoppered bottle. 

The more imjTortant determinations of soap are moist- 
ure, free alkali, or fatty acid, combined alkali and total 
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fatty matter. Resides these it is often necessary to de- 
termine insoluble matter, glycerine, unsaponifiable matter, 
rosin and sugar. 


MOISTURE. 

The analj^iis of soap for moisture, at its best, is mo.sl 
unsatisfactory, for by beating it is impossible to drive off 
all the water, and on the other hand volatile oils driven 
off by heat arc a part of the loss represented as moisture. 

The u‘iual method of determining moisture is to weigh 
2 to 3 prams of finely .^haved soap on a watch glass and 
heat in an oven at 10.^ degrees C. for 2 to 3 hours, 'bhe 
loss in weight is represented as water, although it is really 
impossible to drive off all the w'ater in this way. 

To overcome the difficulties jii.st mentiojied either the 
Smith or I'ahri^m method may be used. Allen recom- 
mends Smith's method which is said to he truthful to 
within 0.25 per cent. Falirion's method, accorrling to 

the author, gives reliable results to wiiliiu 0.5 ]ht cent. 
Roth are more rapid than the above manipulation. •To 
carry out tlie method •>f Smith. .S to 10 grams of fuielv 
ground .soap are he:»ied ov<t a sand hath witli a small 
Rimsdi flame l eiieatli it, in a large* porcelain crucible. 
The heating it. ikes 20 to 3t) iiiinules, or until ni> furllu j 
evidence is jiresent of water being driven off. This may 
he tested by the fogging of a C(dd piece of glass held over 
the cruciltle immediately upon removing the burner. 
no fog appear,s the soap is con.sidered dry. .\ny lumps ol 
soap may lie broken up by a small^la.ss n<d, weighed witli 
the crucible, and with a ronglieneci end to more easilv 
.separate the lumps. Should the soap hum, this can rcadil) 
be detected by the <idor, wliich, of cour.se, renders th« 
analysis useless. The loss irf weight is moisture. 
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By Fahrion’s method*, 2 to 4 grams of soap arc weighed 
in a platinum crucible and about three times its weight 
of oleic acid, which has been heated at 120 degrees C. until 
all^the water is driven off and prc'^crved from moisture, 
is added and reweighed. The dish is then cautiously 
heated with a small flame until all the water is driven off 
and all the soap is dissolved. Care must he exercised not 
to heat too highly or the oleic acid will tlecf>inpf»sc. The nio- 
ment tlie water is all <Iriven off a clear solution is formed, 
p/ovided no fillers are prei^ent in the soap. The dish is 
then cooled in a dessicator and reweighed. The loss in 
weight of acid plus soap is moisture and is calculated on 
the w'cight of soap taken. This determination takes about 
fifteen minutes. 

FRF.E ALKALI OR ACID. 

(a) /llcohollc Method. 

Test a freshly cut surface of the soap with a few drops 
of an alcoholic phenolphthalein solution. If it does not 
turn red it may he as.sumed free fat is present; should a 
red color appear, free alkali is present. In any case dis- 
.s<d-c 2 to 5 grams of soap in 100 cubic centimeters of 
neutralis'd alcohol and heat to boiling until in solution, 
h'ilter <ilT the nn*di.s.v.Mlved portion containing carbonate, 
etc., and wash with alcohol Add phenolphthalein to ^le 
filtrate and titrate with N/10 acid and calculate the per 
cent, of free alkali a.s sodium or potassium hydroxide, 
^ould the filtrate be acid instead of alkaline, titrate with 
N/10 alkali and calculate the percentage of free fatly acid 
as oleic acid. 

The insoluble portion remaining on the filter paper is 
washed with w'ater until all the carbonate is dissolved. 
The washings arc then titrated with N/10 sulfuric acid 
*Zeit. Angfw Chem 19, 385 (1906). 
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ami expressed as sodium or polassium carbonate. Should 
borates or silicates be present it is possible to express in 
terms of these. If borax is present the carbon dioxide is 
boiled off after neutralizing exactly to methyl orange ; cool, 
add mannite and phenolphthalein and titrate the boric acid 
with standard alkali. 

(b) Bosshard and Iluggenberg Method.^ 

In using the alcoholic method for the determination of 
the free alkali or fat in .soap there is a possibility of both 
free fat and free alkali being present. Upon boiling in an 
alcoholic solution the fat will be saponified, thus intro- 
ducing an error in the analysis. The method of Bosshard 
and Huggenberg overcomes this objection. Their method 
is briefly as follows: 

hi ea gents. ^ 

1. N/10 hydrochloric acid to standardize NVIO alcoholic 
sodium hydroxide. 

2. Approximately N/10 alcoholic sodium hydroxide to 
fix and control the N/40 stearic acid. 

3. N/40 stearic acid. Preparation: i\boul 7.1 grams of 
stearic acid arc diss()lved in one liter of absolute alcohol, 
the solution fdtered, the strength determined by titration 
against N/10 NaOH and then protccUd in a well stop- 
pered bottle, c or better still connect<‘d directly to the 
burette. 

4. A 10 per cent, solution of barium chloride. Prepara- 
tion: 100 grams of barium chloride arc dissolved in one 
liter of distilled water and filtered. The ncutrahiy of ftT 
soliili(jn should be proven as it niivst he neutral. 

5. a naphtholphthalcin indicator according to Soren- 
son. Preparation: 0.1 gram of a naphtholphthalcin is 
dissolved in 150 cubic centimeters of alcohol and 100 cubic 

fZeit. Angew. Chm. 27, 11 20 (1914). 
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cciitiiiietcrs of water. I'or every 10 cubic centimeters of 
liquid use at least 12 drops of indicator. 

6. Phcnolplitlialein solution 1 gram to 100 cubic centi- 
meter % per cent, alcohol. 

7. Solvent, 50 per cent, alcohol neutralized. 

MANIPULATION. 

I'irst— Determine the .strength of the N/10 alcoholic so- 
dium hydroxide in terms of N/10 hydrochloric acid and 
calculate ihc factor, c. g. : 

10 c.c. N/IO alcoholic XaOlI = 9.95 N/10 MCI ) 

10 c.c. N/10 alcoholic NaOH = 9.%N/10IICI ) 

The alcoholic N/10 Na(Jlf has a factor of 0996. 

Second — Control the N/40 stearic acid with the above 
alkali to obtain it.s /actf»r, e. g. : 

40 c.c. N/40 alcoholic stearic at id = 

10.18 c.c. N/10 NaOIIl 

40 c.c. N/40 alcoholic stearic acid ~ }■ 10.2 

10.22 c.c. N/10 NaOlIJ 

10.2 X F N/10 Nat )11 (0.996) — Factor N/40 stearic acid 
.'.Vaclor N/40 stearic acid -- 1.01(5. 

Third- Al)out 5 grams of soap are weighed and dis- 
solved ill 100 cnlii* centimeters of .SO per cent, neutralized 
alcohol in a 2,S0 cubic centimeter Krlenmeyg* flask over a 
water hath and connccled with a reflux condensor. \Vh?n 
completely dissolved, which takes hut a few moments, it 
i.s cooled by allowing a stream of running water to run 
"llft-er the outside of the flask. 

Fourth— The soap i« precipitated with 15 to 20 cubic 
centimeters iif the 10 per cent, barium chloride solution. 

F'ifth — After the addition of 2 to S cubic centimeters of 
a napJuho/phtlialein .solution the solution is titrated with 
N/40 alcoholic steaiic acid, a naphiholphthalein is red 
with an excess of stearic acid. To mark the color changes 
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it is advisable to first run a few blanks until the eye has 
l)Ccome aceustomed to the change in the indicator in the 
same way. The chani'c from green to red can then be 
carefully observed. ' 

Let us presume 5 grams of soap were taken for the 
analysis and 20 cubic centimeters (d N/40 stearic acid 
were required for the titration then to calculate the 
amount of NaOll since the stearic factor is l.OK). 

20 X L()16 20.32 X/40 stearic aci<I really required. 

1 cubic centimeter X'/dO stearic acid ~ 0.02 per cent. 
X'aOlI for 5 grams soap. 

A 20.32 culuc centimeters XV4() stearic acid 0.02 
20 32 per cent, .\a011 tor 5 grams soajj. 

Hence the s<*ap emtains 0.40()4 per c»nt. \a011. 

It is nece.ssary, ho\\evcr, to make a correVtion by this 
method. When the free alkali amounts to over 0.1 per 
cent, the correction is -f 0.01, and when the free alkali 
exceeds 0.4 per cent, the coriection is d 004, hence in tlu‘ 
above case we multiply OOtMOtVI by 0,04, add this amount 
to 0.004064 and multiply by 100 to obtain the true |>eV' 
centage. .Should the alkalinit\ have been near 0 1 i)er cent, 
we W'ould ha\e mnllijdied by 0.01 and added this. 

If carlamate .'d.-o pre^Mil in the "oap. anotiui grams 
of* soap is dissolveil in llMt cubic centimeters of 50 per 
cent, alcohol and the solution titrated directlv after cooling 
with X/4() stearic aci<l. using a miphtholphthalein or 
phenolphthalein as an indicator, without the addition tJT 
barium chK)ride. I'rum the diffcrqiice t)f the two titra- 
tions the alkali present as carbonate is determined. 

If the decomposed soaj) solution is lolorless with 
phenolphthalein, free fatly acids are present, which may 
he quickly determined with aluoholic N/10 sodium hy- 
droxide. 
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INSdLUnU: MMTKR. 

The insoluble matter in soap may consist of organic or 
inqfganic substances. Among the organic substances which 
are usually present in soap are oat meal, bran, sawdust, etc., 
while among the common inorganic or mineral compounds 
are pumice, silex, clay, talc, zinc oxide, infusorial earth, 
sand or other material used as lillcrs. 

'I'o dclerniinc insolulde matter, 5 grams of soap are dis- 
solved in 75 cul)ic centimeters of hot water. The solution 
is liltercd through a weighed gooch crucible or filter paper. 
'I hc residue remaining on the filter is washed with hot 
water until all the soap is remfwed, is then dried to constant 
weight at 105 degrees C. and weighcl. From the difference 
in weight of the gooch or filter jiaper and the dried residue 
remaining thereon after filtering and drying, the total per- 
centage of insoluble matter may easily he calculated. By 
igniting the resiiliie and reweighing the amount of in- 
snlnidc inineral matter can be readily determined. 

STARCH AM) 

should starch or gelatine he present in soap it is neces- 
sary to extract 5 grams of the soap with 100 cubic centi- 
meters of ^^5 per cent, neutralized alcohol in a Soxhlet ex- 
tractor until the residue on the extraction thimble is ima 
powder form. If necessary the apparatus should l)e discon- 
nected and any lumps crushed, as these may contain soap. 
'"The residue remaining on the thimble consists of all sub- 
stances pre.xent in soaft insoluble in alcohol. This is dried 
and weighed so that any percentage of impurities not 
actually determined can he found by difference. Starch and 
gelatine arc separated from carbonate, sulfate and borate by 
dissolving the latter out through a filter with cold water. The 
starch and gelatine thus remaining can be determined by 
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known methods, starch by the method of direct hydrolysis* 
and gelatine by Kjeldahling and calculating the correspond- 
ing amount of gelatine from the percentage of nitrogen 
( 17 . 9 %) therein.* 

TOTAL FATTY AND RESIN ACIDS. 

To the filtrate from the insoluble matter add 40 cubic 
centimeters of half normal sulfuric acid, all the acid being 
added at once. Boil, stir thoroughly for some minutes and 
keep warm on a water hath until the fatty acids have col- 
lected as a clear layer on the surface. Cool by placing the 
beaker in ice and .syphon olT the acid w'aler through a filter. 
Should the fatty acids not readily congeal a weighed amount 
of dried bleached bees-wax or stearic acid may be added to 
the hot mi:sture. This fu.ses with the hot mass and forms a 
firm cake of fatty acids upon cooling. Without*removing the 
fatty acids from the beaker, add about 300 cubic centimeters 
of hot water, cool, syphon off the water through the same 
filter used before and wash again. Repeat washing, cooling 
and syphoning proce.«scs until the wash water is no longer 
acid. When this stage is reached, dissolve any fatty a(Sd 
which may have remained on the filter with hot 95 per cent, 
alcohol into the beaker containing the fatty acids, livap- 
orate the alcohol and dry the beaker to constant weight 
ovfr a water bath. The fatty acids thus obtained repre- 
sent the combined fatly acids, uncombined fat and 
hydrocarbons. 

DETERMIN.XTION OF ROSIN. 

If resin acids are present, this rnay he determined by 
the Liebermann-Storch reaction. To cairy out this lest 
shake 2 cubic centimeters oi the fatty acids with 5 cubic 

> Bull. 107, Bur. Chm. U. S. DepKb Agricnlture. 

•Richards and Gics Am. J. Physiol. (1902) 7. 129. 
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centimeters of acetic anhydride; warm slightly; cool; draw 
off the anhydride and add 1 :1 sulfuric acid. A violet 
color, which is not permanent, indicates the presence of 
rotiin in the soap. The cholesterol in linseed or fish oil, 
which of course may be present in the soap, also give this 
reaction. 

Should resin acids be present, these may be separated 
l)y the Twitchell method, which depends upon the difference 
in the behavior of the fatty and resin acids when con- 
wrterl into their ethyl esters through the action of hydro- 
chloric acid. This may he carried out as follow.s: 

Three grams of the dried nuKcd acids are dissolved in 
25 cubic centimeters of absrdutc alcohol in a 100 cubic 
centimeter stoppered flask; the t1ask placed in cohl water 
and .shaken. To this cooled solution 25 cubic centimeters of 
absolute alcotiol saturated with dry hydrochloric acid is 
added. The fla.'sk is shaken occasionally and the action 
allowed to continue for twenty minutes, then 10 grams of 
dry granular Awe chloride arc added, the flask shaken and 
ajjjain allowed to stand for twenty minutes. The contents 
of the flask arc then poured into 2t)0 cubic contiinetcrs of 
water in a 5(X) cubic centimeter beaker and the flask rinsed 
out with alcohols A .small strip of zinc is i)laced in 
the beaker and the alcohcd evaporated. iTlie beaker is 
then cooled and transferred to a separatory funnel, wasli- 
ing out the beaker with 50 cubic centimeters of gasoline 
(boiling below 80 degrees C.) and extracting by shaking 
funnel well. Draw off the acid solution after allowing 
to separate and washp the gasoline with water until free 
from hydrochloric acid. Draw off the gasoline solution 
and evaporate the gasoline. Dis.solvc the residue in 
neutral alcohol and titrate with standard alkali using 
phenolphthalein as an indicator. One cubic centimeter of 
normal alkali equals 0.346 grams of rosin. The rosin may 
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be gravimctrically dctcrinincd by washing the gasoline ex- 
tract with water, it ncit being necessary to wash absolutely 
free from acid, then adfling 0,5 gram of potassium 
hydroxide and 5 cubic centimeters of alenhol in 50 cubic 
centimeters ’of walcM-. Upon shaking the resin acids are 
rapidly saiumilicd and extracted by the dilute alkaline solu- 
tion as rosin soaps, while the ethyl e.sters remain in solution 
ill the gasoline. Draw otT the soap solution, w'ash the 
gasoline soltiliiiii again with ililnte alkali and unite the 
alkaline soluli<ins. Decompose the alkaline sf)ap solution with 
an excess of hydrochloric aci<l and weigh the lesin acids, 
liberated as in the determination of total fatty acids. 

Accor<ling to Lewk«nvit.sch, the results obtained by the 
vtiluinetric method which as.snmes a comhining weight of 
346 for resin acids, are v<Ty likely to be h^gh. On the 
other hand those obtained by th.e gravimetric method are 
too low. 

Leiste and Stiepcl' have (le\ised a simplef method for 
the determination of rosin. They make use of the fact 
that the resin acids as sodium S'-ap^ arc .soluble in acetone 
and particularly acetone containing two per cent, water, 
while the fatly acid soaps are s<dnl>le in this solvent to 
the extent of onh .ahout 2 per cent. 1''irsl of all it is 
iiei^f'S'^ary to slitiw that the sample to he analyzed contains 
a mixinre of rc'in and fatly acids. Ibis may he done 
In' the Liehermann-Storch leaction already described. 
rd>cerine interferes wiili the method. 'I wo grams of fatty.^ 
acids or 3 grams of soap arc weighed in a nickel crucible 
and dissolved in l.'i-20 cubic centimeters of alcohol. 'I he 
solution i.s then neutralized with alcoholic sodium hydroxide, 
using phennlphthalein as an indicator. The mass is con- 
centrated by heat over an adu-sto.s plate until a slight fdm 

^ Seifensieder Ztg. tl913) No. 46. 
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lorrns over it. Then ahmit 10 grams of sharp, granular, 
ignited sand arc stirred in by means of a spatula, the 
alcohol further evaporated, the mixture being constantly 
stifred and then tli(»roughIy dried in a drying oven. The 
sohent for the rooled mass is acetone ctuilai'ning 2 per 
cent, water. It is obtained from acetone dried by ignited 
sodium sulfate an<l adding 2 per cent, water by volume. 
One hundred cubic cemimelcrs of this solvent are sufficient 
for extracting the ab«ivc. 'Ibe extraction of the rosin soap 
is* conducted by adding 10 cubic centimeter.s of acetone 
eight times, rulibing the nias‘« thoroughly with a spatula 
and decanting. "Ihe decanted portions are combined in a 
beaker and the .sus|unded fatty soaps allowed to separate. 

'I he mixture is then iillered into a previously weighed 
lla.sk and washed .several times with the acelrme remaining. 

'I he solntitm of rosin soap should show no separation of 
solid matter after lia\ing evaporated to half the volume 
and allowing In cool. If a separation should occur another 
filtration and the sliglilesl possible washing is necessary. 
T <:4 complete the analysi.s. the .acetone is completely evap- 
orated and the mass dried to Constant weight in a drying 
nven. 'J'he weight fomnl gives the weight of the rosin 
soap In comlnetflig the deleniiinati<m, it is important to 
dr\ the iniNlnre of s«»ap and sand thorougliiy. In dealing 
with potash soaps it is necessary to separate the fatty 
aeids from these and use them as acetime dissolves loo 
great a quantity of a jtntash soap. 

JOTM. ALKAM. 

In the filtrate remainiiig after having washed the fatty 
acids in the determination of total fatty and resin acids 
all the alkali present as soap, as carbonate and as hydroxide 
remains in solution as sulfate. Upon titrating this solu- 
tion with half normal alkali the dilTerence between the 


147 



SOAP-MAKING MANUAL 

half normal acid used in dccuinposin^ the soap and alkali 
used in titrating the excess of acid gives the amount of 
total alkali in the soap. By deducting the amount of free 
alkali present as carbonate or hydroxide previously foifhd 
the amount of combined alkali in the soap may be 
calculated. 

To quickly determine total alkali in soap a weighed 
portion of the soap may be ignited to a white ash and the 
ash titrated for alkalinity using methyl orange as an in- 
dicator. 

O'NSAl’ONIFIti) MATTER. 

Dissolve 5 grams of soap in 50 cubic centimeters of 50 
per cent, alcolnd. Slu-uld any free fatly acids be present 
neutralise them with standard alkali. Wash into a separa- 
tory funnel with 50 per cent, alcohol and •extract wdth 
100 cubic centimeters Mgas(diiu\ boiling at 50 degrees to 
(iO di?grees C. W ash fn? gasoline with water, draw o(f the 
w'atery layer. Rim the gasoline into a weight-d dish, evap- 
trale the alcohol, dry and weigh the residue as nnsaponi- 
fied matter. The rcsi«lue contains any hydrocarbon oils 
(.r fats not converted into .soap. 

Sll.ICA AND sn.lCATF.S. t 

TIic insoInbVi silicates, sand, etc., are present in the 
igmtcd residue in the determination of ins^jluhlc matter. 
Sodium silicate, extensively used as a lillcr, however, w'ill 
only show itself in forming a pasty liquid. Where it is 
desired to determine sodium silicate, 10 grams of soap are 
ashed by ignition, hydrochh^ric acid* added to the ash in 
excess and evaporated to dryness. More hydrochloric acid 
is then added and the mass is again evaporated until dry; 
then cooled; moistened with hydrochloric acid; dissolved 
in water; filtered; washed; the fiitrale evaporated to dry- 
ness and again taken up with hydrochloric acid and water; 
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filtered and washed. The precipitates are then combined 
and ignited. Silicon dioxide (SiO*) is thus formed, which 
can be calculated to sodium silicate (Na*Si409). Should 
other metals than alkali metals be suspected present the 
filtrate from the silica determinations should be examined. 

GLYCERINE IN SOAP. 

To determine the amount of glycerine contained in soap 
dissolve 25 grams in hot water, add a slight excess of 
sulfuric acid and keep hot until the fatly acids form as a 
clear layer on top. Cool the mass and remove the fatty 
acids. I'iltor the acid solution into a 25 cubic centimeter 
graduated flask; bring to the mark with water and de- 
termine the glycerine hy the hichrfunatc method as de- 
scribed under glycerine analysis. 

When sugaf is present the bichromate would be reduced 
hy the sugar, hence Ibis method is^ot applicable. In this 
case remove t^e fatty acids as before, neutralize an aliquot 
portion with milk of lime, evaporate to 10 cubic centi- 
meters, add 2 grams of sand and milk of lime containing 
about 2 grams of calcium hydroxide and evaporate almost 
to dryness. Treat the moist residue with 5 cubic centi- 
inclers of 96 j)cr gent, alcohol, rub the uliolc mass into a 
paste, then con.staiuly stirring, heat on a water bath and 
decant into a 250 cubic ceiuimclcr graduated flask. Re- 
peat tlie washing with 5 cubic centimeters of alcohol five 
or six times, each time pouring the washings into the 
flask; cool the flask to room temperature and fill to the 
mark with 96 per cen^ alcohol, agitate the flask until well 
mixed and filter through a dry filler paper, fake 200 cubic 
centimeters of the filtrate and evaporate to a syrupy con- 
sistency over a safety water hath. Wash the liquor into 
a stoppered flask with 20 cubic centimeters of absolute 
alcohol, add 30 cubic ceiitimeler.s of absolute ether 10 
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cubic centimeters at a time, shaking well after each addi- 
tion and let stand until clear. Pour off the solution 
through a filler into a weighed dish and wash out the 
flask w'ith a mixture of three parts absolute ether and two 
parts absolute alcohol. Evaporate to a syrup, dry for one 
hour at the temperature of boiling water, weigh, ignite 
and weigh again. The loss is glycerine. This multiplied , 
by 5/4 gives the total loss for the alitpiot portion taken. 
The glycerine may ahso be determined by the acetin or 
bichromate methods after driving off the alcohol and etlier 
if so desired. 

SUGAR IN SOAl*. 

To determine sugar in soap, usually present in trans- 
parent soaps, decompose a soap solution of 5 grams of 
soap dissolved in 100 cubic centimeters of hot water with 
an excess of hydrochloric acid and separate the fatty acids 
as usual. I'ilter the acid solution into a graduated lla.'sk 
and make up to the mark. Take an aliifuot containing 
approximately 1 per cent. (4 reducing sugar and determine 
the amount of sugar by the Soxhlet method.’ 

CI-YCKRINE ANALYSIS. 

The mciho(K of analyzing glycerine' varied .so greatly 
due*to the fa#t that glycerine contained impurities which 
acted sfj much like glscerine as p) introduce serious errors 
in the determination*! of crude glycerine. This Ud to the 
appointment of committees in the l.’nited Slates and 
Europe to invesligale the methods of glycerine analysis 
An intcrnalifinal committee met affer their investigations 
and decided the acetin method should control the buying 
and selling of glycerine, hut the more convenient 
bichromate method in a standardized form might be used 

* Bull 10/, Bur, riiem. S. I>rpf. Aifiicultiirr. 
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in factory control and other technical purposes. The 
following are the methods of analysis and sampling as 
suggested hy the international committee: 

SAMPLING. 

The most satisfactory method available for sampling 
crude glycerine liable to contain susiJcmlcd matter, or 
which is liable to deposit salt on settling, is to have the 
glycerine sampled by a mutually approved sampler as soon 
as possible after it is lillcd into drums, but in any case be- 
fore any separation of salt bas taken place. In such cases 
he shall sample with a ‘sectional sampler (see appendix) 
then seal the drums, brand them with a number for 
identification, and keep a record nf the brand number. 
The presence of any visible salt or other suspended mat- 
ter is to be lifted by the samjder, and a report of the same 
made in biji certificate, together with tlie temperature of 
the glycerine. ICach drum must be sampled. Glycerine 
which has de^isited salt or other solid matter cannot be 
accurately sampled from the drums, but an approximate 
sample can be obtained hy means of the sectional sampler, 
which will allow a complete vertical section of the glycerine 
+0 be taken including any depo.^it. 

A NAM SIS. 

1. Dctt'rmi)wtion of I'rrc Cnusiic /I Ikali— Put 20 grams 
of the .sample into a 100 cc. flask, dilute with approx- 
imately 50 cc. of freshly boiled distilled water, add an 
excess of neutral banmn chloride solution, 1 cc. of 
plienolphflialein solution, make np to the mark and mix. 
Allow the jirecipilate to settle, draw olT .“iO cc. of the clear 
liquid and titrate with normal acid (iV/1). Calculate the 
percentage of NajO existing as caustic alkali. 

2. Determination of Ash and Total Alkalinity. — Weigh 
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2 to 5 grams of the sample in a platinum dish, bum off the 
glycerine over a luminous Argand burner or other source 
of heat/ giving a low temperature, to avoid volatilization 
and the formation of sulphides. When the mass is charged 
to the point that water will not he colored by soluble or- 
ganic matter, lixiviate with hot distilled water, filter, wash 
and ignite the residue in the platinum dish. Return the 
filtrate and washings to the dish, evajiorate the water, and 
carefully ignite without fusion. Weigh tlie ash. 

Dis.'.olve the ash in distilled water and titrate total al- 
kalinity. using as indicator methyl orange cold or litmus 
boiling. 

3. Determination of /Alkali Present as Carbonate.-— Take 
10 grams of the sample, dilute with 50 cc, distilled w'ater, 
add sufficient N/l acid to neutralize the total alkali found 
at (2), boil under a reflux condenser for 15 'to 20 minutes, 
wfish down the condenser tulie with di.stilled water, free 
from carbon dioxide, and then titrate bjick with AV'I 
XaUH. using i»lienoIi)htliaUin as indicator. Calculate thv 
percentage of Xhi.d. Deduct the .Xa^O found in (1). Tlie 
dilTerence is the percentage of Na/> existing as caibnn'ite. 

4. Alkali Combined with OfRanic .dnV.r.— Tlie sum of 
the percentages of Na-O found at (l),and (3) deducted 
from the jiercentagc found at (2) is a measure of the 
NljO or other alkali combined with organic acids. 

5. Deter liiinalion of Acidity. — Take 10 grams of the 
sample, dilute with 50 cc. distilled water free from carbon 
dioxide, and titrate with N/\ NaOH and phenolphthalein. 
Express in terms of NajO required neutralize 100 grams. 

6. Determination of Total Residue at 160® C. — For this 
determination the crude glycerine should be slightly alka- 
line with NaaCOs not exceeding 0.2 per cent. Na-0, in 

‘ Carbon is readily burnfd off compfttcly. without loss of chlor- 
idet, in a gas-haatco muffle furnace adjusted to a dull red heat. 
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order to prevent loss of organic acids. To avoid the for- 
mation of polyglycerols this alkalinity must not be ex- 
ceeded. 

Ten grams of the sample are put into a 100 cc. flask, 
diktcd with water and the calculated quantity of N/\ 
HCl or NaaCOs added to give the required degree of 
alkalinity. The flask is filled to 100 cc., the contents 
mixed, and 10 cc. measured into a weighed Petrie or 
similar dish 2.5 in. in diameter and 0.5 in. deep, which 
should have a flat bottom. In the case of crude glycerine 
abnormally high in organic residue a smaller amount 
should be taken, so that the weight of the organic residue 
does not materially exceed 30 to 40 milligrams. 

The dish is placed on a water bath (the top of the 160" 
oven acts equally well) until most of the water has evap- 
orated. From this point the evaporation is effected in 
the oven. Satisfactory results are obtained in an oven* 
measuring 12 ins. cube, having an iron plate 075 in. thick 
lying on the bottom to distribute the heat. Strips of ab- 
bestos millboard are placed on a shelf half way up the 
oven. On these strips the dish containing the glycerine 
is f)laccd. 

If the temperature of the oven has been adjusted to 
160® C. wdth the, door closed, a temperature of 130® to 
140® can be readily maintained with the door partially 
open, and the glycerine, or most of it, slfould be evap- 
orated off at this temperature. When o«ily a slight 
vapor is seen to come off, the dish is removed and allowed 
to cool. 

An addition of 0.5 io 1.0 cc. of water is made, and by 

1 An electric oven suitable for this work, which is readily ad- 
justed to 160 degs. C., has been made for Mr. Low and the chair- 
man, by the Apparatus and Specialty Company, Lansing, Mich. 
Its size is x 10 x 16 inches, and capacity 8 Petrie dishes. It 
gives a strong draft at constant temperature. 
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a rotary motion the residue brought wholly or nearly 
into solution. The dish is then allowed to remain on a 
water bath or top of the oven until the excess water has 
evaporated and the residue is in such a condition that 
on returning to the oven at 160® C. it will not spurt. The 
time taken up to this point cannot be given definitely, nor 
is it important. Usually two or three hours are required. , 
From this point, however, the sciicdule of time must be 
strictly adhered to. The di.sh is allowed to remain in 
the oven, the temiicrature of which is carefully main- 
tained at 16(J® C. for one hour, when it is removed, 
cooled, the residue treated with water, and the water 
evaporated as before. The re-sidue is then subjected to 
a second baking of one hour, after w'hich the di.di is 
allowed to cool in a desiccator over suljihuric acid and 
weighed. The treatment with water, etc., is repeated 
until a con.stant loss of 1 to 1.5 mg. per hour is obtained. 

In the case of acid glycerine a correction must be 
made for the alkali added 1 cc. A’/l alkali represents an 
addition of 0.03 gram. In the case of alkaline crudes a 
correction should be made for the acid added. Deduct 
the increase in weight due to the coinersion of the 
NaOH and Xa..C03 to NaCl. The corrected weight* 
multiplied by‘100 gives the percentage of total residue 
at 100® C. „ 

This residue is taken for the determination of the 
non-volatile acetyli/able impurities (sec acetin method). 

7. Organic residue. —SuhiTACi thr ash from the total 
residue at 160® C. Report a.^ organic residue at U)0® C. 
(it should be noted that alkaline salts of fatty acids arc 
converted to carbonates on ignition and that the CO, 
thus derived is not include(^ in the organic residue). 
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ACETIN PROCESS FOR THE DETERMINATION OF GLYCEROL. 

This process is the one agreed upon at a conference of 
delegates from the British, French, German and American 
committees, and has been confirmed by each of the above 
committees as giving results nearer to the truth than the 
bichromate method on crudes in general. It is the process 
to be u.sed (if applicable) whenever only one method is 
employed. On pure glycerines the results are identical 
with those obtained by the bichromate process. For the 
application of this method the crude glycerine should not 
contain over 60 per cent, water. 

RE\OENTS REQUIRED. 

(/I) IScst Acetic Anhydride . — This should be carefully 
selected. A good sample mu.st not require more than 0.1 
cc. normal NaOH f<»r .saponification of the impurities when 
a blank is run on 7.5 cc. Only a slight color should de- 
velop during digestion of the blank. 

The anhydride may be te.sted for strength by the fol- 
lowing method: Into a weighed stoppered vessel, con- 
taihing 10 to 20 cc. of water, run about 2 cc. of the anhy- 
dride. replace the stopper and weigh. Let stand with oc- 
cassional shaking, .for several hours, to permit the hydro- 
lysis of all the anhydride ; then dilute to about 200 cc., add 
phcnolphthalein and titrate with N/l NaOll. This gwes 
the total acidity due to free acetic acid and* acid formed 
from the anhi^dride. It is worthy of note that in the 
jireseuce of much free anhydride a compound is formed 
with phciiolphthalein, #,oIuble in alkali and acetic acid, but 
insoluble in neutral solution.s. If a turbidity is noticed 
toward the end of the neutralization it is an indication that 
the anhydride is incompletely hydrolyzed and inasmuch as 
the indicator is withdrawn from the solution, results Inay 
be incorrect. 
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Into a stoppered weighing bottle containing a knowA 
weight of recently distilled aniline (from 10 to 20 cc.) 
measure about 2 cc. of the sample, stopper, mix, cool and 
weigh. Wash the contents into about 200 cc. of cold wajer, 
and titrate the acidity as before. This yields the acidity 
due to the original, preformed, acetic acid plus one-half 
the acid due to anhydride (the other half having formed 
acetanilide) ; subtract the second result from the first 
(both calculated to 100 grams) and double the result, ob- 
taining the cc. A71 NaOII per 100 grams of the sample. 
1 cc. A^/NaOH equal.s 0.0510 anhydride. 

(B) Pure I'usvd Sodium Jcctaic. — The purchased salt 
is again completely fused in a platinum, silica or nickel 
dish, avoiding charring, powdered quickly and kept in a 
stoppered bottle or desiccator. It is most important that 
the sodium acetate be anhydrous. • 

(C*) A Solution of Caustic Soda for Nculraliciu^, of 
about N/\ Streni:ith, free from Carbonate. — This can be 
readily made by dissolving pure sodium hydroxide in its 
own weight of water (preferably water free from carbon 
dioxide) and allowing to settle until clear, or filtering 
through an asbestos or paper filter. The clear solution is 
diluted with water free from carbon dioxide to the strength 
required. 

(/)) A^/1 Caustic Soda Free from Carbonate.— Pre- 
pared as abqve and carefully standardized. Some caustic 
.soda solutions show a marked diminution in strength after 
being boiled ; such solutions .should be rejected. 

(£) N/\ Carefully stand£|fdizcd. 

(F) Phenolphthalcin Solution. — 0.5 per cent, phenol- 
phthalein in alcohol and neutralized. 

THE METHOD. 

In a narrow- mouthed flask fprcferably round-bot- 
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tomed), capacity about 120 cc., which has been thoroughly 
cleaned and dried, weigh accurately and as rapidly as pos- 
sible 1.25 to 1.5 grams of the glycerine. A Grethan or 
Lilnge pipette will be found convenient. Add about 3 
grams of the anhydrous sodium acetate, then 7.5 cc. of the 
acetic anhydride, and connect the fla.sk with an upright 
Liebig conden.ser. For convenience the inner tube of this 
condenser should not be over 50 cm. long and 9 to 10 mm. 
inside diameter. The flask is connected to the condenser 
bV either a ground glass joint (preferably) or a rubber 
stopper. If a rubber .stopper is used it should have had a 
preliminary treatment with hot acetic anhydride vapor. 

Heat the contents and keep just boiling for one hour, 
taking precautions to prevent the salts drying on the sides 
of the flask. 

Allow the flask to cool somewhat, and through the con- 
denser tube add 50 cc. of distilled water free from carbon 
dioxide at a temperature of about 80® C, taking care that 
the fla.sk is not loosened from the condenser. The object 
of cooling i.s to avoid any sudden rush of vapors from the 
flask on adding w'atcr, and to avoid breaking the flask. 
Time is saved by adding the water before the contents of 
the flask solidify, but the contents may be allowed to solid- 
ify and the test proceeded with the next day, without detri- 
ment, bearing in mind that the anhydride in excess is much 
more effectively hydrolyzed in hot than in col(f water. The 
contents of the flask may be warmed to, but must not ex- 
ceed, 80® C., until the solution is complete, except a few 
dark flocks representJhg organic impurities in the crude. 
By giving the flask a rotary motion, solution is more 
quickly effected. 

Cool the flask and contents without loosening from the 
condenser. When quite cold wash down the inside of the 

condenser tube, detach the fla.sk, wash off the stopixir or 
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ground glass connection into the flask, and tiller the contents 
through an acid-washcd filter into a jena glass tiask of 
about 1 litre capacity. Wash thoroughly with cold distilled 
water free from carlion dioxide. /\dd 2 cc. of phenfd- 
phthalein solution (/•). then run in caustic soda .solution 
(C) or {D) until a faint pinki.sh yellow color appears 
throughout the solution. This nrutralizalion must he done 
most carefully ; the alkali should be run down the sides of 
the flask, tlie contents of which are kept rapidly swirling 
with occasional agitation or change of motion unlit the 
solution is nearly neutrali/ed, as indirated by tlie slowtT 
disappearance of the color developed locally by the alkali 
running into the mixture. When this point is reached 
the sides of the flask arc washed down with carbon 
dioxidc-frec water and the alkali s'il)se(!ucntly added drop 
by drop, mixing after each droji until the desired titit 
is obtained. 

Now run in from a burette .Sb cc. or a cai.nlated exces.s 
of AVI NaOH (D) and note carefully the exact amount. 
Boil gently for 15 minutes, the flask being iitled with a 
glass lube acting as a jiartial condenser. Ctjol as quiclvly 
as possible and titrate the excess of X.iOlI with AVI acid 
(H) until tlie pinkish yellow or cliosun end-point color 
just remains.* ^A further addition <»f the indicator at this 
poRit will cause an increase of the pink color; this must 
he neglected,' and the first end-point taken. 

From the A’/l NaOH consumed calculate the percentage 
of glycerol (including acetyli/able impurities) after mak- 
ing the correction for the blank lest*^de.scribcd below. 

1 cc. N/\ NaOH — 0.03069 gram glycerol. 

The coefficient of expansion for normal .solutions is 

> A precipitate at this point is an indication of the pitsciice of 
iron or alumina, and high resulM' will he obtained unless a cor- 
rrction is made as described below. 
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0.00033 per cc. for cadi decree centij^rade. A correction 
should be made on this account if necessary. 

^ilank Test. — As the acetic anh 3 'dride and sodium acetate 
may contain impurities which alTect the result, it is neces- 
sary to make a blank test, using the same quantities of 
acetic anhydride, sodium acetate and water as in the analy- 
sis. It i.s iu»t necessary to Idler the solution of the melt 
in this case, but .suflicient lime inu>>t be allowed for the 
hj'drolysis of the anhydride before ])roceeding with the 
neutralization. After neutralization it is not necessary to 
add more than 10 cc. of the .V/1 alkali (H), as this repre- 
.sents the e.xce^s nsnnlly pn-Ncnt after the saponilication 
of ilie a\era^e soap l\e crude. In determining the acid 
e(|uivalcnt of the N/l XaOIl, hoAe\er, the entire amount 
taken in the rnalysis, 50 cc., should be titrated after dilu- 
tion with 300 cc. water free from carbon dioxide and with- 
out boiling. 

Dclermbititlon of the (Hycerol Ibilnc of the Acelylhable 
luit'unlles- The total residue at 100'^ C. is dissolved in 
1 (»T 2 cc. oi water, washed into the acetylizing flask and 
exaporaled to dryness. Theti add anhydrous sodium ace- 
laie ami acetic anhydride in the usual amounts and proceed 
as <Iescrihed in tlif* regular analysis After correcting for 
the blank, calculate the result to glycerol. • 

WAY.S OF rAICri.ATlNG ACTU.NL GLYCEROL tONTENT. 

(1) Determine the apparent percentage of glycerol in 
the sample by the acetin process as described. The result 
will include acelylizable impurities if any arc present. 

(2) Determine the total residue at 160® C. 

(3) Determine the acetin value of the residue at (2) 
in terms of glycerol. 

(4) Deduct the result found at (3) from the percent- 
age obtained at (1) and report this corrected figure as 
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plycerol. If volatile acetylizable impurities arc present 
these are included in this i'lRurc. 

TrimcthyleiiKlycol is more volatile than plyccrine and 
can therefore he concciitnitcd by fractional distillation. An 
approximation to the quantity can be obtained from the 
spread between the acetin and bichromate results on such 
distillates. The spread multiplied by 1.73b will give the 
Kb'col. 

BICIIROMATK mUKSS lOR DlTKkMIN ATUtN. RK- 

AGENTS RF.guiRi:n. 

(A) Pure potassium bichromate juiwdered and dried 
in air free from dust or organic vapors, at 110® to 120 ' C. 
This is taken as the standard. 

(J5) Dilute JUchromaie So lu /ioH.-~7.45(A of the 

above bichromate are dissolved in distilled water and the 
solution made up to one liter at 15,5® C. 

(C) ferrous Ammonium Sulphate.~h is never safe 
to assume this salt to be con.stant in conip(j>ition and it 
must be standardized against the bichromate as follows ; 
dis.solve 3.7282 gram.s of bichromate (A) in 50 cc. of water. 
Add 50 cc. of 50 per cent, sulphuric acid (by volume), and 
to the cold undiluted solution add from a weighing bottle 
a moderate excess of the ferrous ammonium sulphate, and 
titrate back ,with the dilute bichromate (/U. Calculate 
the value of the ferrous salt in terms of bichromate. 

(D) Silver Carbonate.^ThU is prepared as rc(iuired 
for each test from 140 cc. of 0.5 pej; cent, silver sulphate 
solution by precipitation, with about 4.9 cc. N/l sodium 
carbonate solution (a little less than the calculated quan- 
tity of N/l sodium carbonate should be used as an excess 
to prevent rapid settling). Settle, decant and wash one by 
decantation. 

(Zi) Subacctatc of I ,ead — BoW a 10 per cent, solution 
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of pure lead acetate with an excess of litharge for one 
hour, keeping the volume constant, and filter while hot. 
I^srugard any precipitate which subseipjently forms. Pre- 
serve out of contact with carbon dioxide. 

(/•) Polossium Perricyamde.—A very dilute, freshly 
prci>ared solution containing about 0.1 per cent. 

THE MFTHOIJ. 

Weigh 20 grains of the glycerine, dilute to 250 cc. and 
take 25 cc. Add the silver carlx)natc, allow to stand, with 
occasional agitation, for about 10 minutes, and add a slight 
excess (about S cc. in most cases) of the basic lead acetate 
(Li), allow to stand a few minutc.s, dilute with distilled 
water to 10() cc., and then add 0.15 cc. to compensate for 
the volume o' the precipitate, mix thoroughly, filter through 
an air-dry liltcr into a suitable narrow-mouthed vessel, re- 
jecting llie first 10 cc., and return the filtrate if not clear 
and bright. Test a portion of the filtrate with a iittle 
ba.sic load acetate, which should produce no furlhc- pre- 
cipitate (in the great majority of cases 5 cc. arc ample, 
but ficcasionally a crude will be found requiring more, and 
in this case another alupiot of 25 cc. of the dilute glycerine 
sliould he taken and purified with 6 cc. of the basic acetate). 
Care must be taken to a\oid a marked 'excess of l^^sic 
acetate. , 

Measure off 25 cc. of the clear filtrate into a flask or 
beaker (previously cleaned with potassium bichromate and 
sulphuric acid). Ad^ 12 drops of sulphuric acid (1:4) 
to precipitate the small excess of lead as sulphate. Add 
3.7282 grams of the powdered potassium bichromate (A). 
Rinse down the bichromate with 25 cc. of water and let 
stand with occasional shaking until all the bichromate is 
dissolved (no reduction will take place in the cold). 

Now add 50 cc. of 5() per cent, sulphuric acid (by vol- 
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ume) anrl immerse the vessel in boiling water for two 
hours and keep protected from dust and organic vapors, 
such as alcohol, till the titration is completed. Add from 
a weighing bottle a slight excess of the ferrous ammonium 
sulphate (C), making spot tests on a porcelain plate with 
the potassium ferricyanide (/•). Titrate back with the 
dilute bichromate. From the amount of bichromate re- 
duced calculate the ijcrcenlage of glycerol. 

1 gram glycerol ~ 7.4564 grams bichromate. 

1 gram bichromate - ' 0.13411 gram glycerol. 

The percentage of glycerol obtained al>ovc ineludcs an> 
oxidizablc inipiiritie.s present after the purifjcation. A cor- 
rection for the non-volatile impurities may be made by 
running a bichromate test on the re.s'due at 160® C. 

NOTES. 

(1) It is important that the concentration! of acid in 
the oxidation mixture and the time of oxidation should 
be strictly adhered to. 

(2) Before the bichromate is added to the glyceride 
solution it is essential that the slight excess of lead he pre- 
cipitated with sulphuric acid, as stipulatn.‘d. 

(3) For crudes practically free from chlorides the 
quantity of silvftr carbonate may be reduced to one-fifth 
and the basic (pad acetate to 0.5 cc. 

(4) It is sometimes advisable to add a little potassium 
sulphate to insure a clear fdtrale. 

SAMPLING CRUDE GI.YCF.RINE. 

The usual method of sampling crude glycerine hitherto 
has been by means of a glass tube, which is slowly lowered 
into the drum with the object l>f taking as nearly as pos- 
sible a vertical section of the glycerine contained in the 
I'j 
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drum. This method has been found unsatisfactory, owing 
to the fact that in cold climates glycerine runs into the 
tube very slowly, so that, owing to the lime occupied, it is 
impossible to take a complete section of the crude. An- 
other objection to llie glass tube is that it fails to take 
anything approacliing a correct proportion of any settled 
salt contained in llic drum. 

The sampler which is illustrated herewith has been de- 
vised w'itli tlic object of overcoming the objections to the 
g4ass tube as far as possible. It consists of two brass tubes, 
one litting close!) inside the other. A number of ports 
are cut out in each lube in such a way that when the ports 
are opened a contimioiis slot is formed which enables a 
complete sectitni to he taken throughout the entire length 
(il tile drum. Ily thi-» aiTangement the glycerine fills into 
the sampler aMmost inMantancously. 'Idiere are a number 
f)f ports cut at th<‘ bottom of the sampler which render it 
possil)!e to tal^e a proportion of the salt at the bottom of 
the drum. The instrument is constructed that ?ll the 
ports, incliicling the holtnin one.s, can be clo.sed simulta- 
ncbusly by tlie simple actitni of turning the handle at the 
top; a pointer is arranged which indicates on a dial when 
the sampler is oj>en or closed. In .samplers of larger 
section (1 in.) it is possible to arrange a third motion 
whereby the bottom ports only are open for emptying, i)ut 
in samiilers of smaller dimensions (5,^ in.) tbis third mo- 
tion must be dispensed with, otherwise the dimensions of 
the ports have to be so small that the sampler w'ould not 
be efficient. 

In u.sing the sampler it is introduced into the drum with 
tile ports closed, and when it has touched the bottom, the 
ports are opened for a second or two, then closed and with- 
drawn, and the sample discharged into the receiving vessel 
by opening the ports. When the drum contains salt which 
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has deposited, the ports must be opened before the sampler 
is pushed through the salt, thus enabling a portion to be in- 
cluded ill the sample. It is, however, almost impossible to 
obtain a correct proportion of salt after it has settled in 
the drum and it is therefore recommended that the drum 
be sampled before any salt has deposited. A sampler 1 in. 
in diameter withdraws approximately 10 oz. from a 110- 
gal. drum. A sampler in. in diameter will withdraw 
about 5 02 . 



CHAPTER VII 


Standard Methods for the Sampling and Analysis of 
Commercial Fats and Oils^ 

The following report of the Committee on Analysis of 
Commercial fats and Oils of the Diznsion of Industrial 
Chemists and Chemical Iin;Aneers of the American Chemi- 
cal Society was adopted April 14, 1919, by unanimous vote: 

W. D. KiciiAHDSoN, ChairmoH, J, R. Rowell, 

Swift and Co., Chicago, ill. Aniiour Soap Works, Chi- 

R, \V. Umliv. cai:.-. 111. 

Stillwell .'iml GlatUling, New R (. Quinn,* 

Y(wk t ity. Midland Chemical Co., Argo, 

W. T, Gascoyne. til. 

J. Gascoyno and Co., Ual- ]*a» l Rt'dnick, 
limoro, Md. Armour and Co., Chicago, 111. 

J. Katz,* t I.. M. Toi.man, 

W'lsnn and Co., Chicago, 111. Wilson and Co., Chicago, 111. 
A. I.owEssifciN,* r* TwirciiEM.* 

•Morris and Co., Chicago, III. Tmcry Candle Co., Cinciu- 

II. J. M(>rkis(jM« nati, Ohio. 

Pioclur and Gamble Co., .1. .1. S'ou.ert.se.s, 

Ivorydale, Ohio. Morris and Co., Chuag >, 111. 

* Resigned. 

Scope, Applicability and Limitations of the Methods. 

StTlI'K. 

These iiutliods *;irc intended to aid in determining the 
eormncrcial valuation of fat<i and fatty oil.s in their purclipsc 
and sale, based on the fundamental assumption commonly 
Tecogni/ed in the trade. naiiKdy. that the product is true to 
name and is not adulieiated. For methods for determinine 
the identity of nih aiu^fat''. the absence of adulterants there- 
in and fiT .specific tests used in particular industries, the 
chemist is referred to standard wc»rks on the analysis of fats 
and oils. 

' -Approx ctl by ibe Supervisory Commiltce on Standard Methods of 
Anniysit of the American Chemical Society. 
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AP»‘J.IC.\B!LITV. 

'I‘hc inclluids an; applicable in cnmmercial trajisaclinns 
involving fats and fatty oils used in the soap, candle an<l 
tanning indu.'itries, to edible fats and oils and to fats afid 
fatty oils intended for lubricating and burning purposes. 
The methods are applicable to the raw oils used in the 
varnish and ]>aint in(liislr> with the exceptions noted under 
limitations, but special mclliods have not been included. 

U.MIT.\TION.<. 

The methods have n<»t been developed with special refer- 
ence to waxes (iKceswav, carnauba wax, wool wax, etc.) 
although some of them may be found applicable to tliese 
sul^slance.s. Tlie Committee considers the Wiis method 
superior to the Hanus metluKl for the iletermination of 
iodine numlier of linseed oil as well as other/»ils, although 
tlie Ih'inus method ha.s been considered standard for this 
work for .some time and has Ir'cii adopted l»y tlie American 
.‘Society for Toting Materials and in varit>ii<» specification^, 
It has bten cuslnniary to use the llultl mcll)f>d for tlie 
detcrminati<m of iodine value of tung oil (China wood fjil) 
l)nt the Committee's work indicates that llie Wijs method 
is satisfactory for this determination. 

Sampling. 

T.\.VK CARS. 

1. S\.Mi'Li!*G Whii.k 1 omiing-— .‘^amjdc shall be taken at 
discharge of pipe where it enters tank car donnx The total 
sample taken shall he not le.«s than 50 Ihs. and shall he a 
composite of small samples oi ahonl 1 pound each, taken 
at regular interval.'; during the entire jieriod of b.ading. 

The sam]>lr tints obtained is th«*rongh!y mixed and um 
form ,Tlh. )mttion.s jdaced in air tii-bt 31b. imlal cimtainers. 
.\t least tlnee siicli sample.^- ^liall be put up, one for the 
buyer, one for the seller, and the third to be sent to a 
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referee chemist in case of dispute. All samples are to be 
promptly and ajrrectly labeled and scaled. 

2. Sami’ling from Car on Track®— (a) When contents 
me solid:' In this case the sample is taken by means of 
a large trycr measuring about 2 in. acro^s and about IJ'j 
times the depth of the car in length. Several tryerfnls arc 
taken vertically and obliquely toward the ends of the car 
until 50 lbs. arc accumulated, when the sample is softened, 
mixed and handled as under (1 ). In case the contents of 
the tank car have a.'«‘;nnied a very hard condition, as in 
Winter weather, so that it is impos.sible to insert the tryer, 
and it hecoines neces'sar> In soften the contents of the car by 
means of the chased steam coil fin nearly all tank cars the 
ck.sed steam coil leaks) or by means of oi)cii steam in order 
t(» draw a proiier sample, suitable arrangements mu.st be 
tnade betwee^i buyer tnd seller for the sampling of the 
c.ir after it is sufiiciently softened, due consideration being 
given to the po.ssible, presence of water in the material in 
the car as received and also to the t>ossil)lc addition of 
water during the steaming. The Committee knows of no 
direct me*h(»d for .sampling a hard- frozen tank car of tallow 
111 a .satisfactory manner, 

(b) JVhen enntenfs are liquid. The samide taken is to 
be a 50 111 conipofitc made up of uimicrrnis small samples 
taken from the top, liottom and intermediate points, by 
means of a brittle or metal container with removable stopper 
or lop. This device attached to a suitable pole is lowered 
to the various desired depths, when the stopper or top is 
removed and the container allowed to fill. The 50 lb. sample 
thus obtained is handfed as under fl V 

* Live sttani must not be tuined into tank rars or coils before 
s.imnles are drawn, since there is no certain wav of telling when 
i iii'ls are free from leaks 

'*If tliere is water present under the suHd material this must be 
noted and estimated sepanitciy. 
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lu place of the device described above, any sampler capable 
of taking a sample from the top, bottom, and center, or 
from a section through car, may be used. 

(c) ll'hai contc»t,K are in sewi-soful condition, or when 
sicarinc has separalrd from liqmd portions. In this case,<'a 
combination of (a) and (/>) may be used or by agreement 
of the parties the whole may be melted and procedure (h) 
followed. 

BARRELS, TIERCES, CASKS, BRUMS, AND OTHER PACKAGES. 

All packages shall be sampled, unless by special agreement 
the parties arrange to sample a le.sscr niinil>er; but in any 
case not less than 10 per cent ol the t»>lal number shall lie 
sampled. The total .sample taken .shall be at least 20 lbs. 
in weight for each 100 barrels, or equivalent. 

1. Barrels, Tiercxs and Ca.sks — {a) I Then contents are 
solid. Tile small samples shall be taken by a'trycr through 
the bunghole or through a special hole bored in the head or 
side for the purpose, with a I -in. or largtr auger. Care 
should be taken to avoid and eliminate all borings and chips 
from the sample. The tryer is inserted in such a way as to 
reach the head of the barrel, tierce, or cask. 'J'he large 
sample is softened, mixed and handled according to tank 
CARS (1). . 

(b) IVhcn contents are liquid. In this case use is made 
of‘a glass tul>c with constricted lower end. This is in- 
serted slowly and allowed to fill with the liquid, when the 
upper end is closed and the tube withdrawn, the contents 
being allowed to drain into the sample container. After 
the entire sample is taken it is thoroughly mixed and 
handled according to tank cars (1). 

(c) When contents are semi-solid. In this case the tryer 
or a glass tube with larger outlet is used, depending on the 
degree of fluidity. 
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(d) Very hard nialcrials, such as natural and artificial 
stearines. Hy preference the barrels arc stripped and 
samples obtained by breaking up contents of at least 10 per 
cent of the packages. This procedure is to be followed 
aTso in the case of cakes shipped in sacks. When shipped 
in the form of small pieces in sacks they can In; sampled by 
grab sampling and quartering. In all cases the final pro- 
cedure is as outlined under tank c\rs (1). 

2. Drl’M.s — Samples are to be taken as under (1), use 
being made <»f the bungliole. The tryer or tulic should Ije 
sufficiently long to reach to the ends of the drum. 

3. Other Packages— T ubs, pails and other small pack- 
ages not mentioned above are to be sampled by tryer or tube 
(depending r)n lluidity) as outlined alx)vc, the tryer or tube 
being inserted diagonally whenever possible. 

4. Mixed 1.ots and Pack ages— W hen lots of tallow or 
other fats art* received in packages of various shapes and 
sizes, and especijilly wherein the fat itself is of variable 
composition, ^ ich must b** left to tiie judgment of the 
sampler. If \arjable. the contents of each package should 
be mixed as thorougldy as possible and the amount of the 
individual samples taken made proi>ortioual to the sizes of 
the packages. 

Analysis. 

SAMPLE. 

Tlic sample must be representative and at least tfiree 
pounds in wight and taken in accordance with the stand- 
ard >TF.TnoiiS FOR T!IE SAMPIINC OK COMMERffAT. FATS AND 

Oils. It must be kept in an air-tight container, in a dark, 
(ool place. 

Soften the sample if neces.sary by means of a gentle heat, 
taking care not to melt it. When sufficiently softened, mix 
the samide Iborongbly hv means of a mechanical egg lK*atcr 
or other equally cfleclive mechanical mixer. 
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Mf)lSTlTkE ANH V0IAT1IE MATTKR. 

Apparatus: Varunm Ovin—TUo Coinmiltce Stfiiidanl 
' )vt.’n. 

Desc'riition- -The Standard F. A. C. Vacuum Oven has 
been designed with the idea «)f affurding a simple and coni- 
pact vacnnni o\en wliich wdl .ui\e miifurni temjKTatnre^ 
as possible on the shelf. tiie ligiire .sh<i\\s. it consists .d 
an iron casting of reclangnlar sections with hin^jt'd ftont 
door made tight b\ means of a gasket and wliich can be 
iow'ered on oi>oning llie ‘'mu sm as to foim a shelf mi whicli 
samples may be rented. 'I he own enniaiiis bm one sheTf 
wliich is heated from alu<\e as well .is iulow by means of 
resistance coils. Sevi ral tlii’niamu ter boles are pioxided in 
order to ascertain lUTmiUly the temperature at dilTercnt 
points on the shelf. In a \acunm o\en wlane the beating 
is done almost entirely b;, radiatimi it is rlibiintit to m.’iintain 
uniha'iii Icmpciatiires at all point', but l!i< 1 . A. oven 
accomiilishe.s this rather better tiian in.-st \.icn:nn ovens. 
Larger (Acns containing more than one s'Aelf liave hi en 
tried by the Comiiiilt<‘e. Imt have Inen fnun.d to 'c lacking 
in temiieraturc nniformity and means of <t,ntriil. '1‘lie intire 
oven is suppoi-tcrl bv mean-' of a *1 in. siaM<l:ird pipe wbnli 
screws into tlie bns<’ th( oven ami wbi'li in turn is slip 
ported bv 1 h iim scKvv<’d info a blind llangc ot snit.tbb' d: 
.imeter which if-i.-, uti t!ic tlo.-v or vvi»rk fable 

'-hallow, glas.-. di"!!, lipped beaker 
f"nii. ainiro.'^imafelv h to 7 «'m «1i.ime1(T and 4 i m. dei p. 
-b.ill lie standard. 

l)hTi UMINA noN' Weigh .mi 5 grams (■ "fi.J g. of tlie 
piepared sample into a m.mtnii‘ didi. I)ry to constant 
weight HI intuo at a niitform ti mperatnre. n>»t Iws than L'^ ’ 
( . nor more than 20” C. aLive the lir»iling point of water at 
till* vvorkin.g pressup-, which must md ewied UK) mm. of 
mercury.^ ('onstant weight is attained when successive 
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dryings for l-hr. periods show an additional loss of not 
more that 0.05 per cent. Reiwrt loss in weight as mois- 
ture AND VOLATILE MATTER/' 

The vacuiim-ovcn method cannot be considered accurate*, 
in the case of fats of the coconut oil group containing free 
arid and the Committee recommends that it be used only for 
oils of this group when they contain less than 1 per cent 
free acid. In the ca.se of oils of this group containing more 
than 1 per cent free acid, rccour.se .should be had tempor- 
arily to the r<jutine control method for moisture and vola- 
tile matter* until the Committee develops a more satisfactory 
method. 

The air-oveii method caniutt he con.sidercd even apj)r()xi- 
malcly accurate in the case of the drying and semi-drying 
oils and lho.se of the coconut oil group, 'riierefore. in the 
case of such oils as cottonseed oil, inai/e ^il (corn c>il). soy 
bean oil. lin.seed oil, c<»c(mut oil, palm kernel oil, etc., the 
vaciiuni-oveii method should aI\va 3 'S be used, except in the 
case of fats of the coconut group containing more than 1 
Ijcr cent free acid, as noted above. 

INSOl.Um.E IMrVIRlTlES. 

Dissolve the residue from the moisture and volatile matter 


I’rp.sfiure 

JRoilinR Point 

BoiiinR Point 

BoilinR Point 

jtlm. Hr. 

to 1* C, 

-f 15* C. 

-f 20* C. 

ton 


67" C. 

72" C. 

90 

50 , 

6S 

70 

W) 

47 

62 

67 

70 

4S 

(>0 

65 

60 

4.: 

57 

62 

SO 


,5.1 

58 

•in 

.14 

4ff 

54 


* litsults romii.iiatWf those the Stand.ini Mefiiod may be ob- 
t.iimd on mofil fats an<l fils bv drying 5 -r. portions of tin* sample, 
prPTWirpfl and wrij^lird a*- alivp. ti constant wn«ht in a wcll-cini* 
•xiructctl and wcll-vcntilatpd air oven held uniformly al a tempera- 
ture of 105* to llir C. The iljgrntometer bulb should be close to 
the sample. Tin- dpfinirn n of ronMant welpht is the same as for the 
Standard Method. 
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determination by hcitin;* it on a steam bath with 50 cc. 
of kerosene, hilier the solution through a Gooch crucible 
properly prepared with asbestos/ wash the insoluble matter 
ftve times with lO-cc. portions of hot kerosene, and finally 
wash the residual kerosene out thoroughly with petroleum 
ether. Dry the crucible and contents to constant weight, as 
in the determination of moisture and volatile matter and 
report results as insoli ble impurities. 

.SOI.UIILE MJXERAL M.MTKR. 

Place the c(»mbine(I kerosene filtrate and kerosene wash- 
ings from the iusrilnblc irnimrities determination in a plat- 
inum di.-»li. Place in this an ashless filter pai)er folded in the 
form of a cone, apex ii]). Light ijje apex of the cone, where- 
upon the Imlk of the kerosene burns cpiietly. Ash the resi- 
due in a muffle, to constant wciglit, taking care that the 
dccompositioft of alkaline earth carlionates is complete, and 
report the result as soi.uble mineral matter." When the 
percentage (»f .'oluhlc mineral mailer amounts to m^^re than 
0.1 per cent, multiply the iH^rcentagc l»y 10 and add this 
ainmint the percentage of free fatty acids as determined." 

••Tbe fcillnwiiir method is suRpesird 1»y the Committee for routine 
control Work; Wiinh c.iit 5- to ’/5 p. portions of prepared Batnple into 
a or alumuinm (Cautiiv: Alumitiuiii soap may be formt'd) 

beaker or cashcrf le oiul hi-.u on a hefivv asbi stos board over burner 
or hot plate, lakuiK care that the leinpepture of tl»e sample docs 
not above 1,10® C. at .iny time. During the heating rotate the 
vessel cently on the hoard by bind to avoid sputtering or too ftipid 
evolution of moisture. The proper length of tim« of heating is 
judged by absence of rising bubbles of steam, by the absence of foam 
or by other signs known to the operattir. Avoid overheating of sam- 
ple as indicated by smoking nr darkening. Cool in desiccator and 
weigh. 

llv co-oper.''tive work several laboral* n’es. the Committee has 
demoTisfraled that this method can be used and satisLaotory results 
olit.'iinrd on eoconuf oil even when a consifierable percentage of free 
f.ntiy acids is pre.sent, and the method is recommended for this pur- 
pose. I'nforlimately on account of the very gre-it personal factor 
iiiv<.lved, the Committee cannot establish this method as a preferred 
method. Nevertheless, after an operator has learned the technique 
of the methtKl, it gives perfectly satisfactory results for ordinary 
oils and fats, butter, oleomarganne and coconut oil, and detenrea 
more lerognition than it has heretofore received. 

ir.i 
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FREE FATTY ACIDS. 

'i ln- auoiiol’" used shall bo approximately 95 per cent 
rtli}! .ih'oliol, fivslily distilhd Iroiii MKiiinn hulruxidc. wliiek 
with pheiuiiiiluhali-in u deiliulc and distinct eiid-poiiit. 

I >j iLUMi\ \iu.i.\ Weigh 1 to 15 g. (d the piepared sample 
into ail hrleiiim vir ila^k, using llu* smaller ijuaiility in the 
case ipf liark coltred, aigli acul lats. Add 5lJ I.* KH.) ic lint, 
iieiura! aleuhnl, and titrate with A/2. X/4 nr A'/l^ ^■‘'diimi 
ii\drn\idi deiie.uline nii the tati\ acid ouit-ul, using pheiud- 
l)iitha!eiu as uidicainr. Laicula e to oli ic a» nl, except that in 
tile case nt paiiii uil the i< suits ma> .aho i i‘ exprissei u\ 
terms nl palmitic acid, clearly imliiatiug ‘.lie le,<» meth"ils of 
calculaliuii in t!ie lepoit. In the case of cnoimt and palm 
kernel oils, eaierlatc tn and rcj'url ii. teinis nl iauric acui 
in addition in oleic acid. eU-aiU indicating thi'^.wii iiivI'i.mU 
of caiculalidii in the repiut. in t’.je c.i.se id' tats ui gri.ises 
containing mere than tl.l p< r ciin .d’ s<*hiMe mineial m. lU:-. 
add to the percentages id free lath acids as determined 
111 times the percentage of l)a’'is m the siduldc mnieial 
matter as deicimm«d.‘' 'I his addition gi\is t'ne uiunaleiii 
of fatty aciils utmliined with the solnlile mineral mallei, 

• J'or roiiinii' i-teol vi-iK. IsUer iiai-fr is s*iiu nmu- run 
Mintiu tii.iJi till- loi.i’t'l cnmiilr. lie* nui-i In- \i-iv i.»!i. 

'uastii.ti, I 'lJt i i.illj ari und liic nni, n- iiiiiivc i’.u' l,isi ii.itt s t-i. 

fdT. ^ 

** I'l.r rf uiiTM- an ..di iii:«y be tiiii on tin hu, ..ml tin. 

soliitile niiinT.'il inaliti dbui'iifd ti\ dediuliiii; ine a-li ' ii lln- mschi 
bli. imiiuriliis tn.m tins. In iJiis i.i-i. '.iu- •nin.li ii'.iii.'n- di'niM p. 
prf]*are'l well .iii tgntUii :is!iest''S nu'. n I'ni- nnj'iiiiiu-' mi> 

Ilf adifil riiuci'.y atiii IxmK '.M'lgln •!. in ail e.isi s iRnianu slw-olil b- 
to iMiVld s.i as '.n .nsurc l- mj'li *• <'ua»n!|i I'ltion ul <.»i 

lionales. 

^ Sff note on SolnbU- Mineral Mallei follow ing tln-te inellirds 
When the asli c iiuins pfn siiiiaics ihc l'acti>i in laiiiii.t be 
but the bases Loiihisnng ni cateium rxidi', cie., must he ilLleriinncd, 
anrl ihe fau"r 10 ajjplnil to iliciii. 

For rontitic work methyl or dcnalurcU ethyl alcohol of ajijiroM- 
maiil> '^5 pii ‘i-in birciiKth may be used. With these reaycins llu* 
end point is n< t sharp. I 
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iiiKk. 

St,\ni»ahd Tiij-kmoaiktkr — T lic tliennoriK'ter is graduated 
zero and in U ntil di‘gi'i*ts frrMii 10' L‘ to f)5'' C, with one 
.m\iliavy ifscrvoir at llu- iippci end and aiuttlar Lietwccn tlu* 
/nn inarK and tlie Itr mark. 'J’lu; cavity in tlic capillary 
lulic liclwccn the /ciii mark and the 10 ‘ mark is at least 1 
cm. heldw the 10^* mark, the 10’ mark is ahoiit 3 or 4 cm. 
ahu\r the hull), llie It'iiglh of llu* tliermometer being about 
i in. o\er all. The tlu rmfiiiieler ha.s been annealed for 7.'i 
III I ai d.'t) ' ( and the bulb is tif Jena normal 16"' glass, or 
its "inuaKiil, moderalclv thin, so that the thermometer will 
lie qniik .u'liiie.. 'I’lie bulb |v about 3 cm. long and 6 mm. in 
iiiaiiu ti r. Tile sU m ol tlu- tliei in-ometer is () mm. in diam- 
* Ur aial ni.ulc ol the be-t lliennoiueler tubing, with .scale 
itclnd on lh| skm. liie giaduation is cle.ar-ciil and distinct, 
but (juiif tlno. 'I'lu' tbennometer must be ceitifiod by the 
I . S r.nnau .if .Siandards. 

tiniMoi ION— Dissolve 2.S0 g. potassium 

! \dio\ide in 16(i() cc. ilynamitc glycerin with the aid of 
iu»it. 

Ml iiKMiNMioN Ileal 7a ee. of the glycerol- eaustie solu- 
tion lo l.-'ll r. and add .''0 g. of the melted fat. Stir the 
mi d. in wll am4 eonlinue liealing until the melt is homo- 
LieiuMU-. .il no linu- alknviiig the temperature to exceed 150'’ 
(’ Mi.'W to t. . i somewliat and carefully |^dd .'^0 ee. 3(i 
jic c< ;ii ••niiura acid. Xow add hot water and heat until 
the tally acids sejiarate out perfectly clear. Draw off the 
aiid walir and wa.sh the fatty acids with hot w’uler until free 
tiom mineial acid, tlien filter and heat to 130^' C. as rapidly 
as jiossible wli'le .stirring. Transfer the fatly acids, when 
cooled sonu'what, to a 1 in. by 4- in. liter tube, placed in a 
bi-ox. salt mouth liottle of clear glass, lilted with a cork 
that is perforated so as to iiold the tube rigidly when in 
position, .’^ti'siund tiu* titer tbermomeu-r so tlial il can be 
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used as a stirrer and stir the fatly acids slowly (about 100 
revolutions per minute > until the inenury remains station- 
ary for 30 seconds. Allow the thermometer to hanj? quietly 
with the l)ull) in the center of the tube atul rei)ort the 
highest point to which the inercnrv rises a.'* the tiler of the 
fatty acids. The titer should he made at about iU*' ('. for all 
fats having a titer above 30” C. and at 10” C. l)elow the 
tiler for all other fats. Any convenient means may he used 
for o])laining a tt*mpcraturc of 10” below the titer of the 
various fats. The committee recommends first of all a chill' 
room for this purpose; second, an artificially chilled small 
chamber with glass window; tliird. immersion of the salt- 
mouth bottle in water or other liquid of the desired tem- 
perature. 

t’N*' M'ONIJ I MU K M.VTTKK. 

I 

hxTK.\CTio.\ CvLi.N’nF.R--The c>linder shall he glass- 
stoppered, graduated at 40 cc.. SI) cc. and ,130 cc., and of the 
following dimensions: diameter about 1^ in., height about 
12 in. 

pFTRofFPM F.tueh — Redi.stillcd petroleum ether, boiling 
under 75'' C., shall lie used. A blank must he made by 
evaporating 250 cc. w’ith about 0.25 g. of slearine or other 
hard fat (previou.sly brought to constant wiight by heating 1 
and drying as in the actual determination. 'Plie blank must 
not t^xcccd a few milligrams. 

Determination— Weigh 5 g. (±0.20 g.> of the prepared 
samjdc into a 200-cc. Krlenmeyer flask, add 30 cc. of re- 
distilled 95 j)cr cent (approximately) ethyl alcohol and .S cc. 
of .50 per cent aqueous pota.s.siun hytfro.Nide, and hoil t.ic 
mixture for one hour under a reflux condenser. Transfer 
to the extraetkm cylinder and wash to the 40-cc. mark with 
redistilled 95 per cent ethyl alcolud. Complete the transfer, 
fir.st with warm, then with cold w'ater, till the total volume 
aimmiits to 80 cc. Coo) the cylinder and contents t<^ room 
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temperature and add 50 cc. of petroleum ether. Shake 
vigorously for one minute and allow to settle until both 
layers are clear, when the volume of the upper layer should 
fie aljout 40 cc. Draw off the petroleum ether layer as 
closely as possible by means of a slender glass siphon into a 
separatory funnel of 500 cc. capacity. Rci>eat extraction at 
least four more times, using 50 cc. of petroleum ether each 
time. More extractions than rive are necessary where the 
iiiisaijoniliable matter runs high, say over 5 per cent, and 
•al.so in some ca.ses where it is lower tlian 5 per cent, but 
ih extracted with difficulty. Wash the combined extracts in 
a ''Cparatory funnel three times with 25-cc. portions»of 10 
per cent alcidiol. shaking vigorously each time. Tran.sfer 
the iietrolcum ether extract to a widc-inouth tared flask or 
lieaker, and evaporate the petroleum ether on a steam bath 
in an air current. Dry as in the method for moisture and 
vof.ATii.F. M.MTLR. Aliy blank must lie deducted from the 
weight before caferlating unsaponifiable matter. Test the 
final residue for sohibiliU in 50 cc. pctroleiini ether at niom 
temperature. Filler and wash free from the insoluble resi- 
due, if any, e\apt>ratc and dry in the same manner as be- 
fore. The Committee wi>hes to emphasize the necessity 
of thorougii and vigorous shaking in order to secure 
accurate rc.siilts. The two phases must l>e brought into the 
most intimate contact jxissible, otherw i.sc low and di.sagree- 
ing result.’' may be obtaincil. 

lOUINE .XUMBER-” WIJS METHOD. 

pREPAR.MioN OF Ri-AGF.NTs — IVijs lodiiie S olut'wn—Di^- 
solvc 13.0 g. of resul4imed iodine in one liter of C. P. glacial 
acetic acid and pa.s.s in washed and dried chlorine gas until 
llic" original thiosulfate titration of the solution is not quite 
doubled. 'I'be solulion i*^ then preserved in amlwr glass- 
stoppered hottlcs, .sealed with paraffin until ready for use. 

Mark the date on which the solution is prepared on the 
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l)otllc or bottles and do not nsc VVijs solution which is more 
than 30 days old. 

Tlicre should he no more than a slight excess of iodine^ 
and no excess of chlorine. When the solution is made 
from iodine and chlorine, this point can he a.scerlaincd h\ 
not quite donhling the titratifui.” 

'J'he glacial acetic acid used for preparation of tlie Wijs 
sdlution should he of tn 9 'LS per cent slrenglh. in 

case of glacial acetic acids of ‘.omev. hat lnwer sireiiglh, the 
Coniiuittec recommends freeing and centrifiiLiing oi dram-' 
ing as a means of piirilicaliun. 

A'/IO Sodium 7 'hiosul’olo Si/lufinn Ui.ssc.Ke 24 S g of 
r. P. sodium tlii isulfati- in leceiitly boiled di'-tilled water 
and dilute \\ith the .same to one liter at tin- temperature at 
wliich the titrations are to he made. 

Sfaroh -iloil 1 g. of .starch in 2 (X) cc* of distilled 

water for 10 min. and eo«.l to room t( nii»eratnr<’, 

.\ri improved starch '<oInti« n ma> he preplTie l h\ auto- 
claving 2 g. of .starch and (> g. of l».rir add dj''''ol\< -| in 2 l)tl 
cc. water at 15 llis. jnassure for 1.5 min. 'I’li*- sohilion ha^ 
gi>od keeping qualities 

('. Mflll.uuy, /. t..-. U,.n\ S,,.. I'l'-iri, L‘..V. J.O.N 

tlic I' IIi'V. mj.': ilclaua !■ r tl.e po .i.'M.il-'-n «>1 flu’ X'doic Mii i.dt lilond' 

Milntj. i,- 

'J'lic n tf flir ’■wii:ic < Ii1>ii !•)(• .‘..iliitioii im'-inis im 

Rr( at •iliiTuv.i*', , |,iit n !*)..| In ('i tn- with tate aiiil jo'iirai v im onl : 
t.i I' I y jt.'-elo. 'Itiii«* ii’iej in ui ftiv s littii ii n- 

‘Jfii'-'ljl.j fClvT •»! mhImh i-r II: M. I'.ii’n ’il.iriN i.l i!il rnn . mviI 

Ifial O'ljiiirf'il f'liii thf ’»• I. "(It T'-in f' iiitiiji m :s ti'< m s.il'- 
:.tt'i:i.('(! by tli-x' Iviii^ ni lit v.I.-'h cf tin- ai « tic a'.'itl ft. !»» 
tot-r] the n i(':i''ilc (jnartMv df imlMt*, M'*'!!!' a j-'iltllc tir.d t'> assist 
flic ‘■flint if-M. if it i*- fcnii'I ‘mts's.iri. >cMni« .aviilc a sm.alj j>>/ili(ii 
(.f ttii-i sil'iluji, while I'lire i!i' ilib-riiic is pa'^scil iiiMi tin re 
iT a^'iiier imjIj! liip hrib.pf'n f(,*i-c”r nt iln v h«'lc si ImImhi i» ii<iut)lc»l 
OrfJiriariiy it wiM Ic ff-iiint bv pasMiiR tbr ililcriiic iiili. tin- 

main part cf liu: S'llaficii nnfil tbe ibaiattctivtio cb i i»f ficc ii<iliJic 
liris iu'Jl Imii disi lixtuicd ituo will be a slivbl cmcss iif cbioiiiu 
wliir . is cdiTfC’ii d fiy itic a'lititb.n f i ttic rciiiiiMir aiinniiM of tin* 
uiu hif.rinait’d p' rfidi until all fri c cbloiinc lias |.f i n ticslroycil. A 
•slij^bt excess of ii’dinc ilivs linb- m- nu liann, but exiess uf cbJoiinc 
must be avoided. 
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Potassium Iodide Solution — Dissolve 150 g. of potassium 
iodide in water and make up to one liter. 

^ yV/10 Potassium Bichromate- Dis.stilvc 4.903 of C. P. 
polas.'.ium bichromate in water and make the volume up to 
< nc liler at llio temperature at whicli titralions are to he 
made. 

The Committee cdh altentiim t«i llie tad that oiea.siomdly 
pota.s.sinm liiehromate is foiiiul e« ntainiiiu: sodiiitu hielmo- 
male, allliMiiKh tlii.s is of rare ocnirrenie. If tlie analyst 
*.Mi''l»eels that he is dealinij with an impme potassium 
hichromale, llie imrity can Ik* ascerlaijied h\ titiation ai^ainst 
re-.siiliiinied iodine. ITiu\c‘.er, ihi.s is unnece>.sarv in tlie 
Vieal majtirity id ca.scs. 

Maudardkjlion of the Sodium 1 liiosuifale SoJulittu — 
Place 40 cc. of the [jota-^snim hiciii ornate solution, to which 
has been ad^crl 10 cc. of the solution of jiolasshnn iodide, 
in a ^lass sff»]vp<'red lla^k. .\dd to this 5 cc. of strong 
hydro cliloric acid. Dilute with lODcc. (d water. and allow the 
\/l0 .sodium tliio-'iiliati to How slowly into the Hask until 
(he yellow color of the lijuid ha-. almoNi disappeared \dd 
a droj's of the vt.arch pn<to, and with cotistant shakinn 
eoiitit'.ne to ail<l the ,V/1H sodium thio>iilfate solution until 
die idiu* Color jit,st disappears. 

Dni K\u N.A ' iox’ — \\eii;h accurately from 0.10 to 0..S0 g. 
(flepcnding on the iodine numher) of the melted and lirtered 
saiuiile into a chan, diy, l(»-o/. glass-sloppcred bottle coio 
laining 15 JO cc. (d carbon tetrachloride or chloroform. \dd 
J5 cc. of iodine soliuioti from a piix^tle, allowing to drain 
for a de'inite time. The excess of iodine should be from 
.50 pcrj:cnl to f.O per cent of the amount added, that is. 
from 100 iH“r cent to 150 per cent oi the amount ahsorlK'd. 
Moisten the sttipl'er with a 15 per cent potassium iodide so- 
Inthm to prevent lo.ss id iodine or ch.loriiie but guard against 
an amount snflicitMit h) run down inside the bottle. Let 
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the bottle ?taiid in a dark place fur Yi hr. at a uniform 
temperature. At the end of that time add 20 cc. of 15 per 
cent potassium iodide solution and 100 cc. of distilled water. 
Titrate the iodine with AVIO sodium tliiosulfate solutioit 
wliich is added gradually, with constant shaking, until the 
>ellow color of the solution has almost disap^icarcd. Add 
a few' drops of starch paste and continue titration until the 
blue color has entirely disappeared. Toward the end of the 
reaction stopper the bottle and shake \iolenlly so that any 
iodine remaining in solution in the tetrachloride or chloro- 
form may be taken up by the potassium iodide solution, 
fonduct two determinations on blanks which must be run 
in the same maiiiKr as the '.ample except that no fat is used 
in the blanks. Slight variations in temperature (piite appre- 
ciably affect the liter of the iodine solution, as acetic acid 
lias a high cmdiicient of expansion. It is. tbertbire, essen- 
tial that the blanks and determinativnis on tlie sample be 
made at the same time. 'I'he number cc» of standard 
thiosulfate .‘'olutioii rerjuired by tlu* blank, less the amount 
Used in the dcli nnmatioii, gives tlu' ihiosnlfale equivalent 
of the iodine absorbed by the amount f)f sample used in the 
determination, (..’aleulatc to centigrams of iodine absorbed 
by 1 g. of sample (— jier cent ioiline abMtrlied). 

Dktkrmin.ation, Tr\r. Oil— Tung oil sliows an erratic 
l»ebavor with nunt indine reagents and tliis i^ particularly 
noticeable ir. tW‘ case of the llaniis reagent which is entirely 
unsuitable for determining the iodine number of this oil 
since extremely high and irregular results are obtained. 
The Hiibl solution shows a pn»gressive^lj.sorption up to 24 
hrs. and probably for a b ngcr time but the period required 
is entirely too long for a chemical determination. Tlli't* Wijs 
.solution gives gooil results if the following precautions are 
filL-'erved : 

Weigii out 0.15 ± 0.05 g., use an excess of 55 ± 3 per 
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cent Wijs solution. Conduct the absorption at a temperature 
of 20-25® C. for 1 hr. In other respects follow the instruc- 
tions detailed above. 

* SAmNIFlCATION NUMIIKR ( KOETTSTORl’ER NUMBER). 

Preparation of Reacent.s. N /2 Hydrochloric Acid — 
Carefully standardised. 

Alcoholic Polassium Hydroxide Dissolve 40 g. 

of pure potassium hydrovide in one liter of 95 per cent re- 
distilled alcohol (by volume). The alcohol should be re- 
distilled from potassium hydroxide over which it has been 
standing for some time, or with which it has been boiled for 
some time, using a reflux condenser. The solution must Ik; 
clear and the potassium hydroxide free from carbonates. 

Determination -Weigh accurate alnnit 5 g. of the fdtered 
sample into ^ 2.'5() to 300 cc. Erlenmeyer flask. Pipette 50 
cc. of the alcoholic potas.sium hydroxide solution into the 
flask, allowing the ^lipette to drain for a definite time. Con- 
nect the flask with an air coud<*nser and boil until the fat 
is comi>letely saponified (about 30 minutes). Cool and 
tituite with the X/2 hydrochbiric acid, using jihenolphtbalein 
as an indicator. Calculate the Koettstorfer nuiuptier (mg. 
of potassium hjtlroxide required to saponify 1 g. of fat). 
Conduct 2 or 3 blank determinations, using the same pijiette 
and draining for the same length of time as alwvc. 

MEl.TtNG POINT. 

.\pr\KATi:s (’aj'ilhny luhrs made fnnn 5 mm. inside di- 
ameter thin-walled gl^fss tubing drawn out to 1 mni. inside 
dianiefer. l.engfh of capillary part of tubes to be about 
5 cm. lirngth of tnlie (»ver all 8 cm. 

Standard ihcnnowclcr graduated in tenths of a degree. 

doo cc. beaker. 

Determination — The sample should he clear when melted 
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and entirely free from moisture, or incorrect results will be 
obtained. 

Melt and llmroiij^lily mix the .sample. Dip three of the 
capillary lube.'. al>''ve described in the oil so that the fat i/i 
the tube .st.'iiuis abdul 1 eiu. in height. .N'nw fuse the capil- 
lary i’lul earefiil]\ b> Ine:ln.^ oi a small blast llanie and 
allow to cool. The.se lubes are placed in a lefriKcralor dver 
night at a lemper.atinv (.f from 40 to 50“ I'. Huy arc then 
fastcnefl b\ niean^ of a niblicr band tir ntlu r suitable means 
to the bull} of a tliermoiiu-ler gr.iduated in tenths of a de- 
gree. 'riu iIiennoiMiter is 'Uspended in a luaKer of water 
(whicli Is aeitatiil oy air or other suitable means) so that 
the boitoin i f the bulb of ib.e tiie? mometei is immersed to 
a dejdb i>f about ^ cm. 'I'lie tmnpiTature of tlie watej is 
increased gradual]) at the rati* of about 1 ’ i»er miimt'*. 

The point at wbicli the sample t.ecoa es opalescent is lit*;! 
noted and the hva!:i»e eoiUMniel until the coutetus of the 
tube becojui's unihumi) t -ausp'o < ’U. '^Iie I;itti r ri mpera- 
lure is reported as the melting poim. * 

PiCfore funlly imitiug t" a p**rfeet!\ cleat iluid, the sample 
lucniues (ipalescf nt anl usurdly appears clear at the pip, 
bottom, and side-s b * .♦< ni-comine cliar at tin* (i*nter. d'be 
beating is conl,nu»d nnti! tb’ ''.ntiiMs of die ln’'e lucoir.e 
nnif"rui!\ < ''-.ir .a .d IraiJsji.'oi m Tbi W'nipeialure is re 
ported Cs t' i- meitii'u poinn' h usual’\ milv fr.etn.n 
of fi dceii. .aboN l;ij- opnlea'e'M p..ii.{ n..1ed. d'lie tber 
nionieter si.ould be read t.. the t. .tJe't ' C.. and in .iddi 

tion tlii.; teu;; eraf.u-e may ’-i report' tl t<. iIm* neaiisi digree 
balirenbeit it d- drt ■’ 

t ' ori> 'ir-si, 

pRJXAUTioNs ( 1 1 'Hie «>il mu't be perfectly drjF^ because 

•* riir mrtiitie < f nits m.iv br ftHirmitirfl in Rciicral arrnrdinfr 

to ilu atv.’-p Tiff-i rdnrr, talvirg into r- iiMfictaU'-u th^* b>ivi’r trmppra- 
tvne rcrpiireil. 
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the presence of moisture will produce a turbidity before the 
cloudiiip: point is reached. 

• (2) Tile oil must be heated to 150” C. over a free flame, 
immediately lief ore making the test. 

* (3) There must not be too much discrepancy between the 
1cmp(;ralure of the bath and tiie clouding point of the oil. 
\n oil that will cloud at the temi)erature of hydrant water 
^liould l>e tested in a i»ath ot that lcirii)eralurc. An oil that 
will clolid in a mixture of ice am! water should he tested in 
'Ucli a liath. An oil that will not cloud in a bath of ice 
and water mii^t be tcst<‘d in a bath of s;ill, icc, and water. 

DktF':i<min'.\tion- -The oil is heated in a porcelain casserole 
n\iT a free llaine to 150" C\, stim'ng with the thermometer. 
\s .soiMi as it can be done with safely, the oil is transferred 
to a 4 o/. oil bottle, wliith must he perfectly dry. One and 
one -halt (Utiices of tin (>il are suHicM’Ht for the test. A dry 
c<niip:rarle tlif rmonieter is placed m the od. and the liottle 
is then tiooled by fnin’ersmii in a suitable bath. The oil is 
eoiistaiillv -tirAd with the tlu*rmomeh‘r. taking care not to 
ronove the tberjiKtineler from the oil at any time during 
the lest, so as to avfiid stirring air bulibles int«» iht oil. 
'Ill* luitlle is fre(|mnit1e removed from the Itath for a few 
iiionierii-, '] lie oil inii.st not be allowof! to cliill on th<* 
‘■ 'Ics and bollom yf the bottle. Tin's is elTeeted by constant 
and \ieorons "tiTTing with the thernu»m< ter. .Ns soon as 
tlie lirNt ;'(.rnianLnl cloud shows in the bmly of tlic oil,*t])e 
ii ii'pTature at wliicb this cloud occurs is note?l. 

\\ ith care. re.snll*s cmicordanl to witliin 'v” C, can he ol»- 
lained by this method. A I'ahrenheil thermometer is stmie- 
times used liecause it* has hectune customary to report re- 
fills in degrees h'alircnheit. 

The oT must he tested within a short time after heating 
to J50” C'. and a re test must always he jirecedcd by re- 
heating to that temiicratiirc. The cloud point should he 
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approached as quickly as ]>ossi'blo, yet not so fast that the 
oil is frozen on the sides or bottom of the bottle before the 
cloud test is reached. 

Notes on the Above Methods. 

sampling. 

The standard size of sample adopted by the committee is 
at Iea.st 3 lbs. in weight. The committee realizes that this 
amount is larger than any samples usually furnished even 
when representing shipments of from 2l).(XX) to 60, (XX) lbs. 
but it believes that the requirement of a larger sample is 
desirable and will w(»rk toward uniform and more con- 
cordant results in analysis. It \Nill probably continue to be 
the custom of the trade to submit smaller buycr^’ samples 
than required by the committee, but these are to be consid- 
ered only as samples tfir in.spection and rK»t for analysis. The 
standard analytical sample .must consist of 3 1*5. or more. 

The reasons for keeping samples in a dark, cool place are 
obvious. Tliis is to prevent any increase if. rancidity and 
any undue increase in free fatty acids. In the case of many 
fats the Committee has found in its co-operative analytical 
work that free acid lends to increaso very rapidly. Ihis 
tendency is minimized by low temperatures. 

MOISTl’KE AND VOl..\TlI.K .MATTER. 

^yter careful consideration the committee has decided that 
moi.sture is li-'St determined in a \acuum oven of ihe design 
which accompaiiic.s the abo\e report. .VimuToiis results on 
check .samples liave confirmed tlu- rommiltce'.s c^nlclu.^io^s. 
The oven recommended hy Ihe rrnnmifti-c is constructed on 
the l)asis of well-known primiplrs and it i-- liopcd that this 
type will Ik- adopted generally by chemists who 4K*e called 
upon to analyze fats and oils. The e.xpcriments of the com- 
mittee indicate that it is a mo.st difilenit matter to design a 
vacuum oven which w'ill pntduce uniform temperature.^ 
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throughout; and one of the principal ideas in the design 
adopted is uniformity of temperature over the entire single 
shelf. This idea has not quite been realized in practice but, 
nevertheless, the present design approaches much closer to 
the ideal than other vacuum ovens commonly used. In the 
drawing the essential dimensions are those between the heat> 
ing units and the shelf and the length and breadth of the 
outer casting. The standard Fat Analysis G)nimittec Oven 
(F. A. C. Oven) can be furnished by Messrs. E. H. Sargent 
fiL Company, 125 West Lake street, Chicago. 

The committee realizes that for routine work a quicker 
method is desirable and has added one such method and 
has also stated the conditions under which comparable re- 
sults can be obtained by means of the ordinary well-venti- 
latcd air oven held at 105 to 110® C. However, in accord- 
ance with a fundamental principle adopted by the committee 
at its first meeting, only one standard method is adopted and 
declared official fer each determination. 

The committee realizes that in the case of all methods 
for determining moisture by means of loss on heating there 
may be a loss due to volatile matter (especially fatty acids) 
other than water. The title of the determination moisture 
AND VOLATILE MATTER indicates this idea, but any considerable 
error from this Source may occur only in the case of high 
acid fats and oils and particularly those containing lower 
fatty acids such as coconut and palm kernq) oil. In the 
case of extracted greases which have not been properly puri- 
fied, some of the solvent may also be included in the mois- 
ture and volatile master determination, but inasmuch as the 
solvent, usually a petroleum product, can only be considered 
as foreign matter, for commercial purposes, it is entirety 
proper to include it with the moisture. 

The committee has also considered the various distillation 
methods for the determination of moisture in fats and oils, 
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but since according to the fundamental principles which it 
was endeavoring to follow it could only standardize one 
method, it was decided that the most desirable one on the 
whole was the vacuum-oven method as given. There arc-, 
cases wherein a chemist may find it desirable to check a 
moisture determination or investigate the moisture content 
of a fat or oil further by means of one of the distillation 
methods. 

However, in co-operative work the distillation method in 
various types of apparatus has not yielded satisfactory re- 
sults. 'J’iie diflicnltics api»ear to be connected with a proper 
choice of solvent and ]>articularly with the tendency of 
drops of water to adhere to various parts of the glass ap- 
paratus instead of passing on to the measuring device. 
When working nn coconut oil containing a high percentage 
of free fatty acids, concordant results could not^be obtained 
by the various members of the committee when working 
with identical samples, solvents and appayatUjS. 

On tlie other hand, the committee found by individual 
work, co-oi)erativc work and collaborative work by several 
members of the committee in one laboratory, that the old. 
well-known direct heating method (which the committee has 
designated the hot plate method) yielded very satisfactory 
'results on all sorts of fats and oils including emulsions such 
as butter and oleomargarine and even on eftconul oil sam- 
ples contafiiin^^ 15 to 20 per cent free fatty acids and 5 to fi 
per cent of moisture. ITnfortunatcly, this method dei)einls 
altogether on the operator’s .skill and w’hile the meiluKl m,iy 
he taught to an\ person whether a chemist (»r n«>t so that 
be can obtain excellent results with it, it is dilficiilt to give 
a sufficiently complete de.scriiition of it so that anwlK'inist 
anywhere after reading the description could follow it sue-^ 
cessfully. The method is undoubtedly worthy of much con- 
fidence in careful hands: It is quick, accurate and reliable. 
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U is proliably tlie best single method for the determination 
of moisture in all sorts of samples for routine laboratory- 
work. On account of this fact the committee desires to 
afinounce its willingness to instruct any person in the proper 
use of the metlujd who <lesires to become acquainted with it 
and who will visit any committee member’s laboratory. 

INSOLUBIJS IMPURITIES. 

This determination, the title for which was adopted after 
careful consideration, determines the impurities which have 
generally been known as dirt, suspended matter, suspended 
.solids, foreign solids, foreign matter, etc., in the past. The 
first solvent recommended by the committee is hot kerosene 
to l>c followed by petroleum ether kept at ordinary room 
temperature. Petroleum ether, cold or only slightly warm, 
is not a gootl fat and metallic .soap solvent, whereas hot 
kerosene diss*olvcs these substances readily, and for this 
reason tb'e committee has recommended the double solvent 
method so ;is to exclude metallic soaps which are determined 
below as sjolnble mineral matter. 

SOLUBLE MINERAL MATTER. 

Soluble mineral matter represents mineral matter com- 
bined with fatty acids in the form of soaps in solution in 
ibe fat or oil. F^'oTmcrly, this mineral matter w'as often de- 
termined in combination by \\eighmg tlic separated|,nict;;llic 
soap or liy weighing it in conjunction with the insnhtfHc im- 
purities. Since the s(»aps present consist mostly of lime 
.soap, it has be«-n customary to calculate the lime present 
therein by taking 0.1 4he weight of the total metallic soaps, 
'flic standard method as given above is direct and involves 
no calcittJTion. Tlic routine method given in the note has 
been placed among the methods for the reason that it is 
used iji some laboratories, but has not been adopted as a 
standard method in view of the fact that the committee has 
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made it a rule to adopt only one standard method. It 
should be pointed out, however, that the method cannot be 
considered accurate for the reason that insoluble impurities 
may vary from sample to sample to a considerable extent 
and the error due to the presence of large particles of in- 
soluble impurities is thus transferred to the soluble mineral 
matter. The committee has found one type of grease 
(naphtha bone grease) which shows most unusual charac- 
teristics. The type sample contains 4.3 per cent soluble 
mineral matter by the committee method which would be 
equivalent to 43.0 per cent free fatty acid. The kerosene 
and gasoline filtrate was particularly clear, nevertheless the 
ash was found to contain 36.43 per cent PjOb equivalent to 
79.60 per cent of CaaCPO^). and 9.63 per cent of FcjO,. 
The method, therefore, determines the soluble mineral mat- 
ter in this case satisfactorily but the factor ID is not ap- 
plicable for calculating the fatty acids combined therewith. 
It is necessary, therefore, in order to cfcteriuinc the fatty 
acids combined with soluble mineral matter in the original 
sample to determine the actual bases in the soluble miu,eral 
matter as obtained by ashing the kerosene and gasoline fil- 
trate. To the bases so determined the factor 10 can then 
be applied. 

FREE FATTY AriP. 

Tile fatty acid method adopted is sufficiently accurate for 
commercial jfurposes. In many routine laboratories the fat 
or oil is measured ami not weighed, hut the committee rec- 
ommends weighing the sample in all cases. For scientific 
purpos<'s the result is often cxpres.sdd as “acid numJicr," 
meaning the number of milligrams of KOH rc^i^ired to 
neutralize the free acids in one gram of fat, but the com- 
mercial practice has been, and is, to express the fatty acids 
as oleic acid or in the case of palm oil, as palmitic acid, 
in some instances. The committee sees no objection to the 
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continuation of this custom so long as the analytical report 
clearly indicates how the free acid is expressed. For a 
more exact expression of the free acid in a given fat, the 
committee recommends that the ratio of acid number to 
saponification number be used. This method of expressing 
results is subject to error when unsaponiBable fatty matter 
is present, since the result expresses the ratio of free fatty 
acid ta total saponifiable fatty matter present. 


uter. 

At the present time the prices of gyccrol and caustic pot- 
ash are abnormally high, but the committee has considered 
that the methods adopted are for normal times and normal 
prices. For routine work during the period of high prices 
the following method may be u.scd for preparing the fatty 
acids and i^ reGommcnde<l by the committee; 

Fifty .grams of fat are saponified with 60 cc. of a solution 
of 2 parts of mcthyl alcohol to 1 of 50 per cent NaOH. 
The soap is dried, pulverized and dissolved in 1000 cc. of 
water in a porcelain di.sh and then decomposed with 25 cc. 
of**75 per cent sulphuric acid. The fatty acids are boiled 
until clear oil is formed and then collected and settled in a 
iSO-cc. beaker and filtered into a 50-cc. beaker. They are 
then heated to WO” C. as rapidly as possible with stirring, 
and transferred, after they have cooled somewhat, to the 
usual 1-in. by 4-in. titer tube. 

The method of taking the titer, including handling the 
thermometer, to be followed is the same as that described in 
the standard mcthqjl. Even at present high prices many 
laboratories are using the glycerol-caustic potash method 
for prejftring the fatty acids, figuring that the saving of 
time more than compensates for the extra cost of the re- 
agents. Caustic soda cannot be substituted for caustic pot- 
ash in the glycerol method. 
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UNSATONIFIABLE MATTER. 

The committee has ermsidered unsapoiiifiable matter to 
include those substances frequently found dissolved in fats 
and oils which arc not .saponified by the cjiiistic alkalies an?l 
which at the same time arc soluble in the ordinary fat 
solvents. The term includes .such substances as the higher 
alcohols, such as cholesterol which in found in animal fats, 
phyto.sterol found in some vegetable fats, paraflin and petro- 
leum oils, etc. Unsaponifiabul matter should not be con- 
fused in the lay iiiind with insolcble impurities ok solubi.E 
MINERAL MATTER. 

The method adopted by the Cfimniittee has been .selected 
only after tlie most careful eonsideration of other metliods, 
such as the dry extraction method and tlie wet method mak- 
ing use of the separatory funnel. At fir.st consideration the 
dry extraction process would seem to offer tke host basis 
for an unsapoiiifialde matter method, l)ut in jiractisie it has 
been found absolutely impossible for dfiTcrwit analysts to 
obtain agreeing results when using any of tlie dry extrac- 
tion methods proi)o.sed. Therefore, this method had to be 
abondoned after mmierous trials, although several members 
of the committee strongly favored it in the lieginning. 

Iodine Number— The iodine numher adopted by the com- 
mittee is that determined by the ucll-kiuAvn Wijs method. 
Thi^ method was adopted after careful comparison with the 
Ilanns and iTiibl mcthod.s. The Tliihl method was elimi- 
nated from consideration ahno.st at the beginning of the com- 
mittee's work for the rea.son that the time required for 
complete absorption of the iodine is inujeecs.sarily long and, 
in fact, even after absorption has gone on over night, it is 
apparently not complete, fn the ca.se of the Hanus^id Wijs 
methods complete absorption takes place in from IS minutes 
to an hour, depending on conditions. Formerly, many 
chemists thought the Hanus .solution rather easier to prepare 
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than the Wijs solution, but the experience of the committee 
was that the Wijs solution was no more difficult to prepare 
than the Ilaniis. Furthermore, absorption of iodine from 
the Wijs solution api>eared to take place with greater 
promptness and certainty than from the Haniis and was 
complete in a shorter time. Results by the Wijs method 
were also in better agreement in the case of oils showing 
high •iodine absorption than with the llanus solution and 
showed a slightly higher iodine absorption for the same 
length of time. However, the difference was not great. 
The committee investigated the question of substitution 
since it has been suggested that in case of the* Wijs solution 
substitution of iodine in the organic molecule might occur, 
and found no evidence of this in the time required for 
the determination, namely, hr., or even for a somewhat 
longer peiyod. One member of the committee felt that it 
was i;ot desirable to introduce the Wijs method into these 
standard m'*thods since the Hanus method was already 
standardized by the Association of Official Agricultural 
Chcmi.sts, but the committee felt that it must follow the 
principle establi.shed at the commencement of its work, 
namely, that of adopting the method which appeared to 
he the l)est from all standpoints, taking into consideration 
accuracy, convenience, simplicity, time, expense, etc., with- 
out allowing precedent to have the deciding vote. 

Iodine Number, Tung Oh.— T he committee has made an 
extensive study of the application of the Wijs method to 
the determination of iodine value in the case of tung oil 
with the result that it recommends the method for this oil 
but has thought it desirable to limit the conditions under 
whieff^e determination is conducted rather narrowly, al- 
though reasonably good results are obtained by the com- 
mittee method without making use of the special limitations. 

The co-operative work of the committee and the special 
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investigations conducted by individual members bring out 
the following points : 

inHuence of Temperature — From 16® C. to 30* C. there 
is a moderate increase in the absorption, but above 30* the** 
increase is rather rapid so that it was thought best to 
limit the temperature in the case of tung oil to 20® to 25* C. 

Influence of Time— Tht absorption increases with the 
time but apparently complete absorption, so far as ninsat- 
urated bonds are concerned, occurs well within one hour’s 
time. Consequently, one hour was set as the practical limit. • 

Influence of Excess— Tht excess of iodine solution also 
tends to increase the iodine number, hence the Committee 
thought it necessary to limit the excess rather rigidly to 
55 ± 3 per cent, although with greater latitude results were 
reasonably good. 

Influence of Age of ^o/nlioH—Old solutions Vend to give 
low results although up to 2 mo. no great difference were 
observed. Nevertheless, it was thought Ix^t to* limit the age 
of the solution to 30 days-long enough for all practical 
purposes. 

Amount of Sample — As a practical amount of sample to 
be weighed out the Comniittec decided on 0.15 g. with a 
tolerance of 0.05 g. in either direction according to prefer- 
ence, In other words, the amount of saniple to be taken 
for the determination to be from 0.1 to 02 g. in the discre- 
tion of the an^yst. 

The Committee's study of the Hllbl method which has 
been adopted by the Society for Testing Materials in the 
case of tung oil indicates that this method when applied 
to tung oil is subject to the same influences as the Wijs 
method and it has the additional very serious disadvantage 
of requiring a long period of time for absorption which 
cannot be considered reasonable for a modern analytical 
method. When using the Hflbl .solution, the absorption is 
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not complete in the case of tung oil at 3, 7, 18 or even 24 
lirs. 

The Hanus method in the case of tung oil gives very 
khigh and erratic results, as high as 180 to 240 in ordinary 
cases for an oil whose true iodine number is about 165. 

MELTING POINT. 

A melting point is the temperature at which a solid sub- 
stance assumes the liquid condition. If the solid is a pure 
substance in the crystalline condition the melting point is 
sharp and well defined for any given pressure. With in- 
creased pressure the melting point is lowered or raised, de- 
pending on whether the substance contracts or expands in 
melting. The lowering or raising of the melting point with 
pressure is very slight and ordinarily is not taken into 
consideratiqn. Melting-point determinations are commonly 
carried^ out under ordinary atmospheric pressures without 
correction. Jhe general effect of .soluble impurities is to 
lower the melting point, and this holds true whether the 
impurity has a higher or lower melting point than the pure 
sM^stance (solvent). Thus if a small amount of stearic acid 
be added to liquid palmitic acid and the solution frozen, the 
melting point of this solid will be lower than that of palmitic 
acid. Likewisc^the melting iioint of stearic acid is lowered 
by the addition of a small amount of palmitic acid. A eutec- 
tic mixture results when two components solidify simulta- 
neously at a definite temperature. Such a mixture has a 
constant melting point and because of this and also because 
both solid and liquid pha.ses have the same composition, 
eutectic mixtures were formerly looked upon as com- 
pounds.* The phenomenon of double melting points has 
been observed in the case of a number of glycerides. Such 
a glyceride when placed in the usual capillary tube and 
subjected to increasing temperature quickly resolidifies only 
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to melt again and remain melted at a still higher tempera- 
ture. This phenomenon has not yet been sufficiently in- 
vestigated to aiford a satisfactory explanation. 

Non-crystalline substances such as glass, sealing wax and 
various other waxes and wax mixtures, and most colloidal 
substances do not exhibit a sharp melting ixjint, but under 
the application of heat first soften very gradually and at a 
considerably higher temperature melt sufficiently to flow. 
This phenomenon of melting through a long range of tem- 
perature may be due to the amorphous nature of the sub-* 
stance or to the fact that it consists of a very large number 
of components of many different melting points. 

The fats and oils of natural origin, that i.s, the animal and 
vegetable fats and (ills, consist of mixtures of glycerides and, 
generally speaking, of a considerable number of such com- 
ponents. Tliese components are cri stalline aiyl when sep- 
arated in the pure state have definite melting pqjnts, al- 
tliough some exhibit the phenomenon of double melting 
point. For the most part the naturally occurring glycerides 
arc mixed glycerides. In the natural fats and oils there are 
present also certain higher alcohols, of which cholcstcroV is 
characteristic of the animal fats and oils and phytosterol of 
many of the vegetable fats and oils. In addition to the 
crystalline glycerides and the higher alc\)hols present in 
neutral fats, tiiere arc in fats of lower grade, fatty acids, 
whicli arc crystalline, and also various non-crystalline im- 
purities of an unsaponifiabe nature, and the presence of 
these impurities tends to lower the melting point. They 
also tend to induce undercooling and v()ien the liquid fat or 
oil is being chilled for purposes of solidification or in de- 
termination of titer. 

Tile presence of water, especially when this is thoroughly 
mixed or emulsified with a fat or oil, also influences the 
melting point to a marked extent, causing the mixture to 
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melt through a longer range of temperatures than would be 
the case if the water were absent. This is particularly true 
of emulsified fats and oils, such as butler and oleomargarine, 
both of which contain, besides water, the solids naturally 
present in milk or cream and including casein* milk sugar, 
and salts. The melting-point method recommended by the 
Committee is not a])plica'ble to such emulsions or other 
watery mixtures and the Committee has found it impossible 
to devise an accurate method for making softening-point or 
melting-point determinations on products of tliis nature. 
Vot only the amount of water present but also the fineness 
Ilf its particles, that is, its state of subdivision and distri- 
fiution, in a fat or oil influences the softening point or melt- 
ing point and causes it to vary widely in different samples. 

As a consequence of the foregoing facts, natural fats and 
oils do nottexhihit a definite n^elting point, composed as they 
arc oi mixtures of various crystalline glycerides, higher 
alcohols, fatly a^^ids, and non-cy.stallinc substances. There- 
fore, the term melting point when applied to them requires 
further dermition. Tliey exhibit first a lower melting point 
(the melting point of the lowest melting component) or 
what miglit be called the softening point and following this 
the fat softens through a shorter or longer range of tem- 
piTalurc to the*rinal melting point at which temperature the 
fat is entirely liquid. This is the melting iioint determined 
hy the Committee’s melting-point method. •The. range be- 
tween the softening point and the final melting point varies 
greatly with the different fats and oils depending on their 
chemical components, the water associated with them, 
emulsification, etc. In the case of coconut oil the range 
bctwffci? softening point and final melting point is rather 
short; in the c;ise of butter, long. Various methods have 
been devised to determine the so-called melting point of fats 
and oils. Most of these methods, however, determine, not 
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the melting point, but tlie softening point or the how point 
of the fat and the great difficulty has been in the past to 
devise a method which would determine even this point 
with reasonable accuracy and so that results could be easily 
duplicated. It has been the aim of the Committee to 
devise a simple method for the determination of the melting 
point of fats and oils, but it should be understood that the 
term melting point in the scientific sense is not applicable to 
natural fats and oils. 
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Illustrations of machinery and layouts 
of the ^lant of a modern soap-making 
establishment. 
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Hoist, Lye Tank, etc. 



Mti.iixf.-OuT Trovgu 
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Rucelur 
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Automatjc Power Cutting Tabt-e 



Automatic Press (Laundry) 
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( iiTTiNG Tablk (Hand) 



Carton Wrapping Machine 
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Fluffy Soap Powder Equipment 
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SoAi' PowDKR Mixer 



Soap Powder Mill 
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Toilet Soap Equipment 



Amalgamator 
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Glycerine Distilling Plant 
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The tallow in the bleaching tank is heated to 180* F. 
(82° C.) and ten pounds of dry salt per ton of fat used 
added and thoroughly mixed by agitation. Tliis addition 
coagulates any albumen and dehydrates the fat. The 
whole mass is allowed to .settle over night where possible, 
or for at least five hours. Any brine which has separated is 
drawn off from the bottom and the temperature of the 
fat is then raised to IfiO" F. (71° C.). 

* Five per cent, of the weight of the tallow operated 
upon, of dry Fuller’s earth is now added and the whole 
mass agitated from twenty to thirty minutes. 

The new bleached fat, containing the Fuller’s earth is 
pumped directly to a previously heated filter press and 
the issuing clear oil run directly to the soap kettle. 

One of the difficulties experienced in the process is the 
heating of the press to a temperature sufficient to prevent 
solidification of the fat 'without raising the press to too 
great a, temperature. To overcome this the first plate is 
heated by wet steam. Air delivered from ri blower and 
heated by passage through a series of coils raised to a 
high temperature by external application of heat (super- 
heated steam) is then substituted for the steam. The 
moisture produced by the condensation of the .steam, is 
vaporize’ek by the hot air and carried on gradually td each 
succeeding jilate where it again condenses and vaporizes. 
In this way the small quantity of water is carried through 
the entire press, raising its temperaftire to 80®-100" C. 
This temperature is subsequently maintained by the 
passjlfee of hot air. By this method of heating the poor 
conductivity of hot air is overcome through the inter- 
mediary action oj a liquid vapor and the latent heat of 
steam is utilized to obtain the initial rise in temperature. 
To heat a small press economically where conditions are 
such that a large output is not required the entire press 
5 
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may be encased in a small wooden house which can be 
heated by steam coils. The cake in tlie press is heated for 
some time after the tilteration is complete to assist drain- 
age. After such treatment the cake should contain ap- 
proximately IS per cent, fat and 25 per cent, water. The 
cake is now removed from the press and transferred to a 
small tank where it is treated with sufficient caustic soda 
to convert the fat content into soap. 

Saturated brine is then added to salt out the soap, the 
Fuller’s earth is allowed to settle to the bottom of the 
tank and the soap which solidities after a short time is 
skimmed off to be used in a cheap soap where color is 
not important. The liquor underneath may also be run 
off without disturbing the sediment to be used in grain- 
ing a similar cheap soap. The waste Fuller’s earth con- 
tains about 0.1 to 0.3 per cent, of fat. 

METHOD FOR FURTBFJt IMi'ROVEMENT OF COLOR. 

A further improvement of the color of the talhjw may 
be obtained by freeing it from a portion of its free fatty 
acids, either with or without previous Fuller’s 6arth 
bleaching. 

To carry out this process the melted fat is allowed to 
settle and as much water as possible taken off. The tem- 
perature, is then raised to IdO" F. with dry steam and 
enough satqratcd solution of soda ash added to remove 
0.5 per cent, of th^ free fatty acids, while agitating the 
mass thoroughly mechanically or by air. The agitation 
is continued ten minutes, the whole allowed to settle for 
tw,o hours and the foots drawn off. The soap thus formed 
entangles a large proportion of the impurities of the fat. 

VEGETABIE OILS. 

Coc§anut Oil, as the name implies, is obtained from tkte 
fruit of the cocoanut palm. This oil is a solid, *white fat at 
ordinary temperature, having a bland taste and a charac- 
6 
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teristic odor. It is rarely adulterated and is very readily 
Saponified. In recent years the price of this oil has in- 
creased materially because cocoanut oil is now being used 
extensively for edible purposes, especially in the making of 
oleomargarine. Present indications are that shortly very 
little high grade oil will lie employed for soap manufacture 
since the demand for oleomargarine is constantly increas- 
ing and since new methods of refining the oil for this pur* 
pose are constantly being devised. 

The oil is found in the market under three different 
grades: (1) Cochin cocoanut oil, the choicest oil comes 
from Cochin (Malabar). This product, being more care- 
fully cultivated and refined than the other grades, is 
whiter, cleaner and contains a smaller percentage of free 
acid, (2) Ceylon cocoanut oil, coming chiefly from Cey- 
lon, is visually of a yellowish tint and more acrid in odor 
thatk Cochin oil. (3) Continental cocoanut oil (Copra, 
Freudenbtrg) is obtained from the dried kernels, the copra, 
which are shipped to Europe in large quantities, where the 
oil is Extracted. These dried kernels yield 60 to 70 per 
cent oil. This product is generally superior to the Ceylon 
oil and may be used as a verj’^ satisfactory substitute for 
Cochin oil, in soap manufacture, provided it is low in free 
acid and orgood color. The writer has employed it satis- 
factorily in the wliitc.st and finest of toilet soaps without 
being able to distinguish any disadvantage to the Cochin 
oil. Since continental oil is usually cheaper than Cochin 
oil, it js advisable to use it, as occasion permits. 

Cocoanut oil is used extensively in toilet soap making; 
usually in connection with tallow. When used alone 
the soap made frod! this oil forms a lather, which comes 
up aaptdly- but which is fluffy and dries quickly. A pure 
tallow .soap lathers very much slower but produces a more 
lasting lather. Thus the advantage of using cocoanut oil 
7 
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ill snap is seen. It is further u^ed in making a cocoaiiut 
oil soap by the cold process also for "fake” or filled soapst 
The fatty. acid content readily starts the saponification 
which takes place easily with a strong lye (2S®-35® B.). 
Where large quantities of the oil are saponified care must 
be exercised as the soap formed suddenly rises or puffs 
up and may boil over. Cocoanut oil soap takes up large 
quantities of water, ca.scs having been cited where a 500 
per cent, yield has been obtained. This water of coiirse 
dries out again upon exposure to the air. The soap is 
Iiarsli lo the .skin, develops rancidity and darkens readily. 

Palm Kernel Oil. which is obtained from the kernels of 
the palm tree of West Africa, is used in soap making to re- 
place cocoanut oil where the lower price warrants its use. 
It resembles cocoanut oil in respect to saponification and 
in forming a very similar soap Kernel oil is white in 
color, has a pleasant nutty oder when fresh, but rajiidly 
develops free acid, which runs to a high iJerc^ntage. 

Palm Oil is produced from the fruit of the several species 
of the palm tree on the western roast of Africa geecrally, 
but al.so in the Philippines. The fresh oil has a deep orange 
yellow tint not destroyed hy saponification, a sweetish taste 
and an odor (^f orris root or violet which is also imparted 
to goap made from it. The methods by whic!>-the natives 
obJain the oil are crude and depend upon a fermentation, or 
putrefaction. Large quantities are said to be wasted be- 
cause of this factf The oil contains impurities in the form 
of fermentable fibre and .'ilbuminous matter, and conse- 
quently develops free fatty acid rapidly. Sample? tested 
Tor free acid have been found to have hydrolized completely 
and one seldom ohtains an oil wit\j low arid rontenl 
Because of this high percentage of free fatty acid,^ the 
glycerine yield is small, though the neutral oil should 
produce approximately 12 per cent, glycerine. Some 
« 
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Appendix 


- Tallies inarkod ♦ arc taken from the German Year 
took for Soap industry. 
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(U. S. BUREAU OF STANDARDS) 

THE METRIC SYSTEM. 

The fundamental unit of the metric system is the meter 
(the unit of length). From this the units of mass 
(gram) and capacity (liter) are derived. All other units 
are the decimal sub-divisions or multiples of these. These 
three units are simply related, so that for all practfcal 
purposes the volume of one kilogram of water (one liter) 
is equal to one cubic decimeter. 

Prefixes. Meaning. 

Milli- = one thousandth l-KXX) .001 
Centi- = one hundredth 1-100 .01 

Dcci- = one tenth 1-10 , ,1 

Unit = one • 1, 

Deka- = ten 10-1 10. 

Hecto- = one hundred 100-1 100. 

Kilo- = one thousand 1000-1 1000. 


Meter for length. 
Gram for macs. 
Liter for capacity. 


The metric terms are formed by combining the words 
"Meter,” "Gram” and "Liter” with the six numerical 
prefixes. 

Length 

10 milli-meters mm = 1 centi-meter cm 

10 centi-meters .... = 1 deci-meter dm 

fO deci-meters . . . = 1 meter (about 40 inches) m 

10 meters = 1 deka-meter * d k m 

10 deka-meters — = 1 hecto-meter h.m 

10 hecto-meters .... = 1 kilo-meter (about 5^ mile) . .km 
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Mass. 

10 milU'grams. mg-::! centi-gram eg 

10 centi*grams =1 deci-gram dg 

10 deci-grams = 1 gram (about 15 grains) g 

10 grams =1 deka-gram dkg 

10. Deka-grams = 1 hecto-gram hg 

10 hecto-grams = 1 kilo-gram (about 2 pounds). kg 

Capacity. 

ml = 1 ccnti-litcr cl 

... = 1 dcci-liter dl 

. . . = 1 liter (about 1 quart) 1 

... = 1 ^ka-liter dkl 

... = 1 hecto-liter (about a barrel).. hi 

... = 1 kilo-liter kl 

The square and cubic units are the squares and cubes of 
the linear units. 

The ondinary unit of land area is the Hectare ^abmit 
Zyi acres). 


10 milli-liters 
10 centi-liters 
10 deci-Iiters 

lOiijers 

10 deka-fiters 
10 hecto-liters 
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U. S. BUREAU OF STANDARDS TABLE OF 
METRIC EQUIVALENTS 

Meter = 39.37 inches. 

Legal Equivalent Adopted by Act of Congress July 28 , 
1866. 


Length. 

Centimeter = 0.3937 inch 

Meter =3.28 feet 

Meter = 1.094 yards 

Kilometer = 0.621 statute mile 

Kilometer = 0.5396 nautical mile 

Inch = 2.540 centimeters 

Foot = 0.305 meter 

Yard = 0.914 meter 

Statute mile = 1,61 kilometers 

Nautical mile = 1^53 kilometers 

Akea. 

Sq, centimeter = 0.155 sq. inch 

Sq. fneter = 10,76 sq. feet 

Sq. meter = 1.196 sq. yards 

Hectare ^ = 2.47 acres 

Sq. kilometer = 0.386 sq. mile 

inch = 6.45 sq. eentimeteri 

Sq. foot = 0.0929 sq. meterr--. 

Sq. yard = 0.836 .sq. meter 

Acre^ = 0.405 hectare 

Sq. hiilc = Z59 sq. kilometers 
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Weight. 


Gram 

~ 15.43 

grains 

Gram 

.... ™ 0.772 

U. S. aixDtli. scruple 

Gram 

.. - 0.2572 

U. S. apoth. dram 

Gram ... 

.. -- 0.0353 

avoir, ounce 

Gram . 

... -= 0.03215 troy ounce 

Kilogram 

....,- 2.205 

avoir, pounds 

Kilogram 

. . . . T= 2.679 

troy pounds 

Metric toll *. . . 

. . r- 0.084 

gross or long ton 

Metric toil 

. .. = 1.102 

short or net tons 

Grain 

.... - 0.064 

gram 

U. S. apoth. scruple 

.... - 1.296 

grams 

U.,S. apoth. dram.. 

. . . 4 3.89 

grams 

Avofr. ohtice 

. . . ~ 28.35 

grams 

'J'rov ouiiee 

.... = 31.10 

grams 

Avoir, pound 

.... 0.4536 

kilogram 

Trov pound 

.... = 0.373 

kilogram 

Gro.ss or long Um.. 

1.016 

metric ton.s 

Short or net Imi. . . 

.. . ~ 0.907 

metric ton 


Volume. 


Cu. centimeter 

0 

1 

o 

II 

cu. incli 

Cu. meter m 

.... = 35.3 

cu. feet 

Cu^ 

. .. = 1.308 

cu. yards 

Cu. ifich 

. . . . = 16.39 

cu. centimeters 

0b. foot 

.... = 0.283 

cu. meter 

Cu. yard 

.... 0.765 

cu. meter 
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CAMOTy. 


Millimeter 

.. = 

0.0338 U. S. liq. ounce 

Millimeter 

. . =r 

0.2705 U. S. apoth. dram 

Liter 

.. = 

1.057 

U. S. liq. quarts 

Liter 

. . = 

02642 U. S. liq. gallon 

Liter 

. . = 

0.908 

U. S. dry quart 

Dekaliter 

.. ~ 

1.135 

U. S. pecks 

Hectoliter 

.. = 

2.838 

U. S. bushels 

U. S. liq. ounce 

.. = 

29.57 

millimeters 

U. S. apoth. dram. . . 

.. = 

3.70 

millimeters 

U. S. liq. quarts 

. . 

0.946 

liter 

U. S. dry quarts 

. . = 

1.101 

liters 

U. S. liq. gallon 

.. = 

3.785 

liters 

U. S. peck 

= 

0.881 

dekaliter 

U. S. bushel 


0.3524 hectoliter 


AVOIRDUPOIS WEIGHT. 

1 pound 5= 16 ounces = 256 drams 
1 ounce =16 " 


TROY (APOTHECARIES') WEIGHT (U. S.) 

I 

1 pound =: 12 ounces = 96 drams = 288 scruples = 5,760 grains 

1 ounirC = 8 drams =: 24 scruples =: 480 grains 

1 dram = 3 scruples = 60 grains 

1 scruple = 20 grains 


WINE (APOTHECARIES) LIQUID MEASUE5L(U,S.) 

I 

1 gallon = 8 pints = 128 fl. oss, = 1,024 fl. drams =■ 61,440 minims 

1 pint = 16 fl. OSS. = 128 fl. drams = 7,689 minims 

1 fl. oz. = 8 fl. drams = 480 minima 

1 fl. dram = 60 minims 


224 ^ 



Uiefttl Informfttlon 


To Hnd diameter of a circle multiply circumference 1^ 
.31831. 

To find circumference of a circle, multiply diameter by 
3.1416. 

To find area of a circle, multiply square of diameter by 
.7854. 

To fini^eurface of a ball, multiply square of diameter by 
3.1416. 

To find side (ff an equal square, multiply diameter by 
.8862. 

To find cubic inches in a ball, multiply cube of diameter 
by .5236. 

Doubling the diameter of a pipe, increases its capacity 
four times. ^ 

One cubic font of anthracite coal weighs about 53 lbs. 

One cubic foot of bituminous coal weighs from 47 to 50 
pounds. • 

A gallon of water (U. S', standard) weighs 8 1/3 pounds 
and contains 231 cubic inches. 

A cubic foot of water contains 7j4 gallons, 1728 cubic 
inches and weighs ^14 pounds. 

To find the number of pounds of y/ater a cylindrical 
tank contains, square the diameter, multiply by .785 and 
then by the height in feet. This gives the number of cubic 
feet which multiplied by fiZyi gives the capacity in pounds 
of wa ^...^4 ^ivide by 7% and this gives the capacity in gal- 
lonsi 

horse-power is equivalent to raising 33,000 pounds 1 
foot per minute, or 550 pounds 1 foot per second. 
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The friction of water in pipes is as the square of velocity. 
The capacity of pipes is as the square of their diameters; 
thus, doubling the diameter of a pipe increases its capacity 
four times. 

To find the diameter of a pump cylinder to move a given 
quantity of water per minute flOO feet of piston being the 
standard of speed), divide the number of gallons by, 4, 
then extract the square root, and the product will be the 
diameter in inches of the pump cylinder. 

To find the horse-pozeer necessary to ‘elevate water to a 
given height, multiply the weight of the water elevated per 
minute in pouiuls by the height in feel, and divide the 
product by 33,(M)0 (an allowance .should be a<lded for water 
friction, and a further allow'ance for loss in steam cylinder, 
say from 20 to 30 per cent). • 

To compute the capacity of pumping muUij)ly 

the area of water pi.ston. in inches, by the distance it travels, 
in inches, in a given tir^e. Deduct 3 per cent for slip ami 
rod displacement. The product divided by 231 givesp the 
number of gallons in time named. , 

To find the velocity in feet per minute necessary to dis- 
charge a given volume of water in a given timCj, multiply 
the number, of cubic feet of water by 144 and divide the 
product by the arw of the pipe in inches, 

7 0 find the area of a required pipe, the volume and vel- 
ocity of water being given, multiply the yuinber of cubic 
fast of water by 144 and divide the product by the velocity 
in feet per minute. The area being found, the (fiSiftHcr tan 
be learned by using any table giving tl»e “area of circles” 
and finding the ncare.st area, oppo.site to which will be foufl^J 
the diameter to correspond. 
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Physical and Obemical Constants of Fixed Oils and Pats. 

(Fftou lihnEovtiTucn and ciiiiiu Ai'Tnojtinu) 



Jpikiflc RIHVlty 
atli-C* 

Xpetific 
KinMiy 
at liiii‘i- 

Ml lliriR i-i.lnt 

OolMitylnx-puliit. 

c. 

4-iiisW(l oil 

. Olttl-Of».Tft 

oxso 

-1C* to -20“ 

—16“ 

1 leinii-BCod oil .... 




Wiilimt oil 

0»i!.'i-0.«l20 

0b71 



I'lippy-Hwdoil .... 
Siinlioner oil .... 

0‘J2l-0.ft27 

Ofei-Oft-JO 

OS'i.l 

0‘)10 



!!!!!! 

—18" 

—17“ 

l<ir-bOL>tI oil 

UUri-O.HJX 



—27“ to —30" 

Miiize oil ... ^ ^ 

Oithiii-.Kfd oil . 

Stu:iiik(> oil ... 

0.1»L'M)'.t_'i} 

oiii.'*j-n!i.{i) 

OHL'4 

0 K.7 
()S71 


-10“ to — 15" 

12" 

— 5“ 

Hafk^w'pJ t.il . . , 

()1H4 IMI17 

0S03 


—2" to -10" 

Ulu'k iniaMKil . • 




—17.5“ 

—16“ 

CrdoHoil ^ 





10 <i(M)-0.«)iit; 

0010 


—12“ to -18“ 
—14“ 

Ajirifot ki'rncl oil . . 
Ahiumd till . . . 

fooirt-ooift 


|ooj'i-o.<ia) 




IVanut (uracliia) oil 

•(I1M«-0‘J130 

()W:7 


-3“ to —7“ 

Olive <til 

0‘J1I-01U7 • 

0W2 


2“ 

Hmli.iiien oil ..... 

01127-0 aw 



—4“ 

(;>(<-liieiwil T . . . 

0'.L'2-0»27 

0.>i74 


0*to— 10“- 

ShhI oil 

nii2-i-0 029 

(•.M7;i 


3“ 

AVIiiilo oil ..... 

0.020-0 !•;«) 

OS73 i 


—2* 

I)i)l|i1iiii oil , . . . . 

0B)7-O*»l« 



8“ to— 3“ 

PorjHiibe oil ... 

0 02*1 

0..H71 ^ 


-10“ 

oil . . . 

00l»-0 91« 

osi:i * 

0" to 1.5“ 

Cidton-i-ml HlcaiitH' . 

0 010 (M»2:) 

osi;7 

• 40" 

.31" to 32 5" 

I’.iiiit tiil 

01.21-4) 02‘i 

OH'iO 

’ 27‘‘1»42'' 

ClUMil bllUlT 

o.‘rx)-oo :*2 

0h.'i8 

§ ao" to a.!* 

2.5- to 20" 

Crk-o.! iiutoil .... 

^)02:» 0.020 

087:l 

1 20" to 2)J> 

10“ to 20“ 

Myrlle wnx 

oo;i.s 

0S7.'» 

f 40’ to 41" 

39“ to 43“ 

J.'imii wax 

0.070-00x0 

0 87.> 

61" to 111 .'t" 

40“ 

J.unl 

0031 oo:5s 

0801 

41“ to4li" 

20" 

Jloiiefttt. . . . 

Tallow .* 

o')H-n.'iif, 


21“ to 22- 

l.S"to*7“ 

o*ii;i oau 

OAIO 

42" to Hi" 

3>“ to 37“ 

Biiltor fat 

0027-0 030 

OMrii 

20 5-toa.r 

19" to 20“ 

(deoiiiarjcariiie .... 

00-J4-O1W0 

0h.V) 


* 

KjMin.i oil 

Ikiltlf-nfise ml .... 

I 0S7."M»ft.M 

0b:i3 

. . . ■ . 

-25“ 

0X79-0 SMI 

OS27 



Carnniibawox .... 

0.900-0 5P.»» 

0 842 

84" to e-i" 

M" to 81“ 

Wool’fat 

Beeswax 

0 07.3 

00.')8-l).%9 

0.’H)1 

0822 

39- to 42- 
Il2" to 04" 

30“ to 30 2“ 

00.5" to 62“ 

^crmacoti ■ ■ 

0.000 

0 812 

4.35" to 49" 

43 4“ to 44 2“ 

Cninesf wax .... 

0.070 

0810 

80 O'- loM" 

80r»"to81" , 

Tiinp(^i»'t u- M ood oil) 
•'ijva-aKIh 'iiT 

09:w-o»i2 

0024-0.027 



below —17“ 

8" to 15“ 
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Vhpioal and Qhemioal Constants of Fixed Oils and 
SVite. 

(Frum Lkwicuwithcu AMO orau autborribl) 
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^Temperature Correction Table for Hehner*a Concen- 
trated Bichromate Solution for Glycerine Analysis 
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"^ComtMuisoii of Thermometer Sodes 

fi DtgiM Cd dan i g n Pegne Reaumiir=82-f<|n Degni Hluwnhdt 
D Degree Degree Cei8liie=^8247n Degiie Fahrenheit 

n Degreg FUiren1ieit='yKn--82) Degree CeUu83:s-|-(ii-42)Deg. R 














U3E1'UT. INFORMATION 


of Alkali Required for Saponification of 
‘ Fata of Averafi^e Molecular Weight 670 
■■ . ^ ♦ (Cocoanut Oil, Palmkernel Oil) 




i LitmAilnli 

. iidlution 

Or. 1.1 • ^ Of. 


UtmAIta^r 


Sp. Or. 1.9 


hOO 



NaOB 

~KOH 

N« OH i 

KOH 1 

N» OH 

KOH 1 

NiToH 

KOH 

1876.81 

1902.W 

844.67' 

sw.sd 

610.27 

e82.7lj 

409.61 

617.97 

8761.16 

3805.97 

1689.86) 

1860.70 

1020.64; 

1246.41 

819.81 

1086.96 

6817.60 

8708.96 

8684.08; 

8191.04 

1680.81 

1868.18 

1288.82 

1568.98 

*608.88 

7611.94 

8879.69, 

8721. 89{ 

8041.01' 

2490.88. 

1688.48 

2071.90 

16 

""4.99 

’».87| 

4861.741 

8561.86 

8113.64 

8048.04 

8689.87 

11264. W 


|68.04l 

6582 09 

8061.61 

8786.84 

2467.66 

8107.84 

Miao.6.. 

16006.66| 


Sj2.7l! 

. -AM' 

6512.44 

7442.78 

8671.88 

4088.16 

4858.961 
4981 .ffl 

28W.26 

88f6.86 

8626.82 

4148.79 

18882-'* 

'14 

.r^a.oo; 

8373.18 

^ 4692.48 

6604 

8886.471 

4661.77 

18768^821 

19029 - 

l'3 

9808.48 

1 6102.69 

6887.081 

i 

4096.08 

6179.74 


’'‘Quantities of Alkali Required for Saponification of 
Fata of Average Molerv Weight 860 
(Tallow, Cottonseed 0 ® ,ave Oil, Etc.) 


1 

Kite 

^ UtaMAIteli 
aUj^ ■ 
SpL Or. 1.1 

) litanAlkaH 
Solutiqa 

Spw Or. 1.2 ' 


Utm Alkali 
■olutian 

Sp Gr. 1^355 

Na OH f KOH 

NaCH 

KOH 

NToapToV 

NaOH| KOH 

1000 

1461.49 

1482.56 

658.06| 724.81 

897.64' 485.18 

319.il! 408.64 

2000 

2922 81 

8966.12 

1816.18 1449.61 

796.07! 97?.27 

688(181 807.08 

8000 

4884.21 

4447.07 

1974.181 8174.42 

1198.01, 1465 40 

957.841 1810.61 

4000 

6846.62 

6930.83 

'8682.24 8899.88 

1600.14. 1940.63 

1276 46 1614.16 

6000 

7807.08 

7418.79 

8290.80| 8884.03 

1987.68,' 8426.67 

1696.67! 9017 «a 

6000 

8768.42 

8896.'86 

8948.85; 4348.84 

2886.81. 2910.80' 1914.68 9421. 

7000 

10829.88 

10877.01 

4606.411 6073.64 

8788.76 8896.98 

: 2233.79! 9924.77 

soft 

11691.83 

11800.46 

6264.47 6798.46 

3180.88 8881.06' 2&&2.0o! S229.2fi 

9000 

18361.64 

1SIM.02 

6928.681 8688.26 

8677.88; 4866.80 

1 2878.08' 8681.84 

« 9 ‘. 

14014.04. 

14826.68 

0680.691 7248.06 

1 

8976.86- 4861.88 

1 

1 8191. 13| 4086.88 
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DENSITY AND STRENGTH OF SULPHURIC 
ACID (SIDERSKY). 


u 


Equivalent 
(in ^cc.) 

1 

O 

!S 

^uivalent 
Un cc.) 

«o 

6 

Si 

"gE 

* 

of a kilo, of 
pure acid. 

of a liter of 
pure acid. 

a 

i 

Q 

■o 

la 

O 

S 

M 

of a kilo, of 
pure acid. 

of a liter of 
pure acid. J 

1.007 

1.9 

52.620 

96.930 

62 

1.3Q8 

40.2 

1.905 

3.508 

1.014 

2.8 

35.710 

66.450 

64 


1.821 

3.354 

1.022 

3.8 

25.650 

47.230 

66 

1.^ 5.0 

1.745 

3.214 

1.029 

4.8 

20.410 

37.582 

69 

1.345 144.4 

1.665 

3.085 

1.037 

5.8 

16.670 

30.690 

71 

1.357, 

‘:j'21 

2.985 

1.045 

6.8 

14.085 

25.938 

74 

1.37/1 


1.558 

2.869 

1.0S2 

7.8 

12.198 

22.460 

77 

1.38)l> 

4&.3 

1.497 

2.757 

1.062 

8.8 

10.755 

19.803 

80 

1.39! 

49.8 

1.436 

2.646 

1.067 

9.8 

9.524 

17.540 

’ 82 

I.4l1l 

51.2 

1.386 

2.551 

1.075 

10.9 

8.547 

15.740 

85 

1.424 

S2.f 

1.335 

2.459 

1.083 

11.9 

7.752 

14,278 

88 

1.438 

54.0 

1.287 

2.370 

1.091 

13.0 

7.042 

12.969 

91 

1.453 

55.4 

1.237 

2.270 

1.100 

14.1 

6.452 

1(.882 

94 

1.468 

56.9 

1.195 

2.200 

1.108 

15.2 

5.953 

10.962 

97 

1.483 

58.3 

1.156 

2.130 

1.116 

16.2 

5.526 

ial77 

100 

1.498 

59.6 

1.116 

.2.050 

1.125 

17.3 

5.405 

?:954 

103 

1.514 

61.0 

1.080 

1.980 

1.134 

18.5 

4.76 

8>7n 

106 

1.530 

62.5 

1.045 

1.930 

1.142 

19.6 

4.465 

8.V3 

108 

1.540 

64.0 

1.010 

1.860 

1.152 

20.8 

4.184 

7,743 

113 

1.563 

65.5 

0.975 

1.800 

l.r62 

22.2 

3.876 

7.1 rfJ 

116 

1.580 

67.0 

0.950 

1.740 

1.171 

23.3 

3.663 

6.745 

120 

1.597 

68.6 

0^917 

1.690 

1.180 

24.^ 

3.541 

6.521 

123 

1.615 

70.0 

0.888 

1.630 

1.190 

, 25.8 

X258 

5.999 

127 

1.634 

71.6 

0.855 

1.570 

1.200 

27.1 

?b77 

5.666 

130 

1.652 

73.2 

0.845 

1.520 

1.210 

28.4 

2.907 

5.353 

134 

1.671 

74.7 

0.800 

1.470 

1.220 

29.6 

2.770 

5.102 

138 

1.691 

76.4 

0.774 

1.430 

1.231 

31.0 

2.618 

4.865 

142 

1.711 

78.1 

0.749 

1.390 

1.241 

32.2 

2.500 

4.604 

146 

1.732 

79.9 

0.722 

1.320 

1.252 

33.4 

2.392 

4.406 

151 

1.753 

81.7 -s 

0.705 

1.280 

1.263 

34.7 

2.283 

4.205 

155 

1.774 

84.1 

0.672 

1.235 

1.274 

36.0 

2.179 

4.012 

160 

1.798 

86.5 

0.639 

1.190 

1.285 

37.4 

2.079 

3.829 

164c 1.819 

89.7 

0.609 

Tkjl20 


38.8 

1.988 

3.661 

168 

1.842 mjo 

0.944 

1.000 
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USEFUL INFORMATION 

'■DenthieB oift Potassium Carbonate Solutions 
at 15 C (Gerlach) 


Sp. Gr. 

Per cent 
ofpure 
Ka CO, 

Sp. Gr. 

Percent 
of pure 
EaCO, 

Sp. Gr. 

Percent 
of pure 
KaCO, 

1.09914 

1 

1.18266 

19 

1.88279 

87 

1.01829 

2 

1.19286 

20 

1.89476 

88 

1.02748 

8 

1.20844 

21 

1.40673 

89 

1.03668 

4 

1.21402 

22 

1.41870 

40 

1.04672 

5 

1.22469 

23 

1.48104 

41 

1.06618 

6 

1.28517 

24 

1.44838 

42 

1.06464 

7 

1.24576 

26 

1.46678 

48 

1.07896 

8 

1.25681 

26 

1.46807 

44 

1.08887 

9 

1.26787 

27 

1.48041 

46 

1.09278 

10 

1.27898 

28 

1.49814 

46 

1.10268 

11 

1.28999 

29 

1.60688 

47 

1.1121$: 

12 

1.80106 

80 

1.61861 

48 

1.12219 

18 

1.81261 

81 

1.68186 

49 

1.18199 

14 

1.32417 

82 

1.64408 

60 

1.14179 

16 

1.33678 

88 

1.66728 

61 

1,16200 

16 

1.84729 

84 

1.67048 

62 

1.16229 

17 

1.85886 

88 

1.67079 

68.024 

1.17248 

« 

18 

1.87082 

86 : 




^Constants of Certain Fatty Ac^ds and Triglycerides 


Trisly«rfata» j 

of 

MoLWt 

ofFnttgr 

Add 

Mol. Wt 
MTri- 
glyoeridei 

1 FercentrYliid' 



Steeric Add 

284 

890 

96.78 

10.84 

OldcAdd 

282 


96.70 

10.41 

Maiaarle Add 

270 


96.62 

10.86 

Fklmitle Add. 

266 


96.28 

11.42 

MjrbdcAdd, 

228 


94.47 

18,74 

LuiricAdd 

200 


94.04 

14.42 

AM 

172 

594 

98.14 

16.48 

Ciproic Add. .' 

116 

886 

90.16 

20.08 

BatprfcAdd 

88 

802 

87.41 

00.40 

•• 
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PERCENTA(JES OF SOLID CAUSTIC SODA AND I’AUSTIC 
POTASH JN CAUSTIC LYES ACCORDING TO BAUM E SCALE. 


Degrees 

% 

% 

Degrees 

% 

% 

Baume. 

NaOH 

ROH 

Baume. 

NaOH 

KOII 

t 

0.61 

0.90 

J6 

. 19.58 

24.20 

2 

. 0.93 

1.70 

27 

. 20.59 

25.10 

3 

. 2.00 

2.60 

28 

. 21.42 

26.10 

4 

. 2.71 

3.50 

29 

. 22.64 

27.00 

5 

3.35 

4.50 

30 

. 23.67 

28.00- 

6 

. 4.00 

5.60 

31 

. 24.81 

28.90 

7 

. 4.556 

6.286 

32 

. 25.80 

29.80 

8 

. 5.29 

7.40 

33 . ... 

. 26.83 

30.70 

9 

. 5.87 

8.20 

34 

. 27.80 

31.80 

10 

6.55 

9.20 

.15 

. 28.83 

32.70 

n 

7.31 

10.10 

36 

. 29.93 

3 . 1.70 

12 

8.00 

10.90 

37 

. 31.22 

34.90 

13 

8.68 

12.00 

.>8 

. 32.47 

35.90 

14 

9.42 

12.90 

39 

. 33.69 

36.90 

15 

. 10.06 

13.80 

40 

. 34.96 

37.80 

16 

. 10.97 

14.80 

41 

. .36.25 

38.90 

17 

. 11.84 

15.70 

42 

. 37.53 

39.90 

18 

. 12.64 

16.50 

43 

. 38.80 

40.90 

19 

. 13.55 

17.60 

44 

. 39.99 

42,10 

20 

. 14.37 

18.60 

45 

. 41.41 

43.40 

21 

. 15.13 

19.50 

46 

. 42.83 

44.60 

> 1 

. 15.91 

20.50 

47 

. 44.. 38 

45.80 

23 !'!! .!!! 

. 16.77 

21.40 

48 

. 46.15 

47.10 

24 

. 17.67 

22.50 

• 49 

. 47.58 

48.2.S 

25 

. 18.58 

23.30 

50 

, ^9.02 

49.40 


GJA'CEKINE CONTENT OF MOKE COMMON OIFaS AND 
FATS USED JN SOAP MAKING. 


Kind. 

Theoretical 
Yield of Pure 
Glycerine of 
Neutral Oil 
or Fat. 

Average Free 
Fatty Acid in 
Commercial 

Oil. 

% Pure Gly- 
cerine in Com- 
mercial Oil. 

Yield Soap Lye 
BO% Crude 
Glycerine. 

Beef Tallow 

. . . 10.7 1 

I- 5 

10.2 

12.75 

Bone Grease . . . J 

, . . 10.5 

20-50 

5.2 - 8.4 

6.5 —10.5 

Castor Oil 

... 9.8 

0 5—10 

8.8— 9.8 

11.0 —12.45 

CocoaiiHt Oil,... 

..-v 13.9 

3—5 

13.2-13.5 

16.5 —16.9 

Cocoaiiut Oil Off. 


15-40 

8.3-11.8 

10.37—14.75 

Corn Oil 

... 16.4 

1—10 

9.3—10.3 

11.62-12.9 

Cottonseed Oil... 

.. 10.5 

Trace 

10.6 

13.25 

Hog Grease 

. .. 10.6 

0.5-1 

10.5—10.6 

13.12 -1.3.25 

Horse Grease. . . . 

... 10.6 

1—3 

10.5— 1 0.6 

13.12—13.25 

Olive Oil 

. . . 10.3 

2-25 

7.7—10.2 

9.62— 12.75 

Olive Foots 


30-60 

4-7 

5- 8.75 

Palm Oil 

... ii.6 

10—50 

5.5-10 

6.87—13.5 

Pnlmkernel Oil ■ . 

.... 13.3 

4—8 

12.2—12.8 

15.2.5-’6 . 

Peanut Oil 

, , . . 10.4 

5—20 f 

8.3— 9.9 

10.37—12.37 

Soya Bean Oil . . . 

... 10.4 

2 

10.2 

12.75 

Train Oil 

... 10.0 


8— 9.8 

10.0 —12.25 

Vegetkbll TaUow. 

... 10.9 


10.5—10.8 

13.12—13,5 
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USJil'UJ. rxNFOKMATION 

^tble of Specific Gravities of Pure CommerdsI 
Glycerine with Corresponding Percentige of 
Water, Temperature 15 C. 


Sp . Gr . * 
1.262 

0 

W»ter 

Sp . Gr . 
1.160 

88 % 

Water 

1.261 

1 % 

" • 

1.167 

89 ” 


1.268 

2’* 

** 

1.166 

40 ” 


1.265 

8 ” 

** 

1.162 

41 ” 

99 

1.2616 

4 ” 

" 

1.149 

42 ” 


1.260 

6*i 


1.1464 

48 ” 


1.2467 

6 ’* 


1.1487 

44 ” 

** 

1.2450 

7 " 

” 

1.141 

46 ” 


1.248 

8*’ 


1.1377 

46 ” 


1.241 

9 ” 

•* 

1.1363 

47 ” 

#r 

1 . 287 - 

10 ” 


1.1826 

48 ” 

99 

1.236 

11 " 


1.1804 

49 ” 


1.2324 

12 ” 

*’ 

1.127 

60 ” 


1.229 

18 ” 

(» 

1.126 

61 ” 


1.^66 

14 " 

n 

' 1.1224 

62 ” 

»9 

1 . 224 & 

t 16 ’’ 

»» 

1.1204 

68 ” 

99 

1.2226 

16 •* 


1.117 

64 ” 

9* 

1.2186 

17 " 

” 

1.114 

66 ” 

99 

1 . 2174 ’ 

18 ” 


1.112 

66 ” 


1.2142 

19 ” 

»» 

1.109 

67 ” 

•• 

i.2ir 

20 ” 

” 

1.106 

68 ” 


1.207 

21 ” 

ff 

1.108 

69 ” 


1.203 

22 ” 

'» • 

1.1006 

60 ” 


1.2004 

23 ” 


1.088 

66 ” 

99 

1.198 

24 " 


1.476 

70 ” 


1.196 

«6 ” 

ft 

1.0623 

76 ” 


1.1928 

26 ” 


1.049 

80 ” 


1.189 

27 ” 


1.0366 

•86 ” 

8 

1.188 

28 ” 

” 

1.0243 

90 " 

99 

1.1846 

29 ” 

" 

1.0218 

91 ” 

99 

1.182 

80 ," 


1.0192 

92 ” 

99 

1.179 

81 ” 


1.0168 

98 ” 


I.IZ^ 

• 82 ” 

*' 

1.0147 

94 ” 


1.1784 

88 " 


1.0126 

96 ” 

M 

n.m 

84 ” 


1.01 

96 ” 

9S 

1.168 

86” 

•• 

^ 1.0074 

97 ” 

•• 

1.166 

86” 

i 

0068 

98” 

•9 

1.168 

17" 

99 ^ 

^^ 1.0086 

99” 

m 
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^tbledf Pcfceiilage, Specific Grarity end Benune 
Degree of Pure Glycerine Solntione 


nrflnt 

Water 

6p.Qr. 

Champloii 

ladMUt 

Dcpae 

fiaanma 

(Bethrist) 

Faraa&t 

Water 

S|>.Or. 

Chanpioii 

aadPaltofc 

Daiiaa 

(Bartbalot) 

0 

1.2640 

81.2 

BQ 

1.2850 

88.6 

e.ft 

1.2626 

81.0 


1.2836 

88.4 

1.0 

1.2612 

80.9 

■m 

1.2822 

88.8 

1.0 

1.2600 

80.8 

kH 

1.2807 

£8.2 

s.o 

1.2686 

80.7 

18.0 

1.2296 

88.0 

2.6 

1.2676 

80.6 

18.6 

1.2280 

87.8 

8.0 

1.2660 

80.4 

14.0 

1.2270 

87.7 

8.6 

1.2646 

80.8 

14.6 

1.2266 

87.6 

4.0 

1.2682 

80.2 

16.0 

1.2242 

87.4 

4.6 

1.2620 

80.1 

16.6 

1.2280 

27.8 

6.0 

1.2606 

80.0 

16.0 

L2217 

;:27.2 

6.6 

1.2490 

29.9 

16.6 

1.2202. 

87.0 

6.0 

1.2480 

29.8 

17.0 

1.2190 

86.9 

6.6 

1.2466 

29.7 

17.6 

1.2177 1 

86.8 

7.0 

1.2466 

29.6 

18.0 

1.2166 j 

26.7 

7.6 

1.2440 

29.6 

18.6 

1.2160 

26.6 

8.0 

1.2427 

29.8 

19.0 

1.2187 ' 

26.4 

8.6 

1.2412 

29.2 

19.6 

1.2126 

26.8 

9.0 

1.2400 

29.0 

20.0 

1.2112 

26.8 

9.6 

1.2890 

?8.9 

20.6 

1.2100 j 

26.0 

10.0 

1.2876 

28.8 

21.0 

1.2986 j 

1 

86.0 

< 10.6 ' 

1.2862 ; 



28.7 

1 
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USEFUL INFORMATION 


*Table of Specific Gravities of Pure Glycerine Solu- 
fipns with Corresponding Beaume Degree 
and Percent Water 
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('austic potash, 26. 
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Cold cream snap. 78. 
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('old made toilet soaps, 72. 
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Cold process, 35, 43. 
Colophony,*22. ■ 

(’nloring soap, 75. 

Copra, 7. 

1‘orn oil, 14. _ 

Corrosive sublimate, 78. 

Cotton goods, Soaps used for, 
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Cottonseed oil, 14. 

('ream, Shaving, 90. 

('rude glycerine, 113. 

Crutcher, 32. 

Curd soap. 71. 

1 Cutting table, 32. 
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Determination of free fatty acid, 
128. 

Determination of unsaponiiiable 
matter, 132. 

Distillation of fatty acids, 125. 
Drying machine, 32. 


Enzymes, 17. 

Eschwefier soap, 81. 
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128. 

F 

Fahrion’s method for moisture, 
138. 
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128. 

Fat.<i and oils used in soap manii> 
facture, 3. 

Fatty acids, 14. 

Fatty acids, Distillation of, 125. 

Ferments* Splitting fats with, 

, 121 . 

Fillers for laundry soaps, S3. 

Fillers for soap powders, 58. 

Finishing change, 36, 

Fish oils, 20. 

Floating soap. 62. ! 

Formaldehyde soap, 78, 

Frames, 31. 

Free alkali in soap. Determina- 
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^ of, 128. 
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G 
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Glycerine, 2. 

Glycerine analysis, 150. 

Glycerine change, 36. 

Glycerine, Crude, 113. 
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cry of, 106. 

Glycerine in soap, Determination 
of, 149. 

Glycerine, Sampling crude, 162, 


Glycerine soaps, 83. 

Glycerol content, W^ays of cal- 
culating actual, 159. 

Glycerol determination, Afftin 
process, 155. 

Glycerol determination. Bichro- 
mate process for, 160. 

t'iraining soap, 30. 

Grease, 21. 

Grease, Bleaching, 21. 

Grinding soap, 34. 

II 

Hand Paste, 93. 

Hard water, 29. 

Hardened oils in toilet soap. Use 
of, 96. 

Hydrocarbon oils, 2. 

Hydrogenating oils, 19. 

Hydroiy.sis of fats and oils, 17. 

Hydrolytic dissociation of soap, 

Hydrometers, 25. 

I 

Jndicator.s, Action, 135-6. 
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Determination of (Standard 
nselhod) 172. N'btc on method 
187. 

Insoluble matter in soap, deter- 
mination of, 143. 

International committee on gly- 
cerine analysis, 150. 

Iodine miinubicturin^ oil, 191. 

loiHiic member Wijs inclhoih 
.Standard, 177-181. Note on 
method, 191. 

Iodine soap, 78, 

J 

joslin, ref., 113. “ 

K 

“Killing" change, 36, 
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method), 181-182. 

Kontakt reagent, 117. 

Krebitz Procesit^ 123. 

Krutolin, 96. 

L ' ' 

Leiste & Stiepel method for 
rosin in soap, 146. 

Lieberftiann, Storch reaction, 

144. 
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Light powders, 60. 

Laundry soap, 48. 

LeBlanc Process, 28. 

Lewk^witsch, ref., 17, 146. . 
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i.inie, 'Use in Krebitc Process, 
123. 

Ume, Use in treatment of gly- 
_certne water, 116. 

Liquid medicinal soaps, 79. 

Liquid soaps, 94. 

Lyes, Spent, 37. 

M 

Magnesia, Use in* autoclave 
saponification. 120. 

Manganese sulfate. Use of as 
catalyzer in fennctilativi- cleav- 
age of fate, 122. 

Marine soaps, 39. 

Medicinal soaps, 76. 

Medicinal soaps, Lc^‘i import.int, 
78. 

Medicinal soaps, Therapeutic 
value of, 76. 

Melting point of fat or oil, 
Standarg method, 1<)3. 

Mercury soaps, ^8. • 

Metallic soa]fc, i. 

Methyl orange, indicator, 1.36. 

Meyerheira, ref., 21. 

Mill soap. 32! 

Moisture in .^oap, Dctciininatinn 
of, 138, 130. 

j Moi.stiire and volatile matter in 

• fills and oils. .Standard 
nctliod for detm. of I70.i!iote 
on method, 184- 1 S5. 

Mottle in .soap, 81. 

Mug shavi.ig soap, 90. 

N* 

Naphtha, Incorporation in snap, 
49. 

Naphthenic acids, 24. 

Nigre, 36. 

Normal acids. Equivalent in al< 
kalis, 136. 

^ .9 

» • 

Oils and fats, 1. 

Oils gnd fats, Chemical con* 
stante, 18. 

Oils and fats. Distinction, 1. 

Oils and fats, Preserving. 18. 


Oils and fat. Nature of used in 
soap manufacture, 2. 

Oils and fats. Rancidity of, 16. 
Oil hardening, 19. 

Oleic acid. 15, 19. 

Olein. 2. 19. 

Olive oil, 14. 

Olive oil foots, 14. 

Organoleptic methods, 127. 

P 

Palmatin, 2. 

Palm kernel oil, 8. 

Palmitic acid, 2. 

Palm oil, 8. 

Palm oil, air bleaching, 12. 

Pa^m oil. Chrome bleaching of. 

Palm oil soap, 66. 

Pearl ash, 29. 

Perfuming and coloring toilet 
soaps. 73. 

Peroxide soap, 78. 

Petroff reagent; 117. 

Pfeilring reagent, 117. 

Phenol, 77. 

Phenolphthalein, indicator, 38. 
Phenolphthalein, Using as indi* 
cator, 51, 

Phenols, Soaps containing, 77. 
Pinic acid, 22. 

Plodder^ 33. 

Potash from wood ash, 27. 
Potassium carbonate, 29. 
Powders, r.ight, 60. 

Powders, Scouring, 61. 

Powders, Shaving, 90. 

Powders, Soap, 56. 

Precipitation test for treated 
spedt lyes, 110. 

Prevention of rancidity, 18. 
Pumice or sand soaps, 93. 

Purple shade in soap, 75. 

* • 

R 

Rancidity of oils and fats, 16. 
Rancidity, Prevention, 18. 
Recovery of glycerine from spent 
lye, 106. 

Red oil. 15. 

Red oil, Saponified, 15. 

Resin acids, ToUl fatty and, 
Determination of in soap, 144. 
Ribot, ref., 20. 

Rosin, 22. 
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Rosin, Determination of in soap. 
144. 

Rosin snpntiirication, 23. 

Run and Killed up soaps, 69. 

Run «;onp‘!. .19. 

S 

Sill soda, 

Sail, 30. 

Sahiiiu out, 30. 

Salt *>icklc,” .17. 

Sampling nudi- 16J. 

Samplinif for staii<laid mHlmd, 
166. Note oil, 184. 

Sampling oils aiid^fats, l-’8. 
S.'impling soap, 137. 

Saponification by fenm nts, 1?1. 
Saponification, Acid. 120. 
Saponification, Actuemis, 121. 
Saponification, Autoclave, 118, 
Saiionification, Carlionatc, 45^ 
Saponific.ition defined, 2, 10.1. 
Saponification, Lime, 118. 
Saponification numlio, 181 182. 
Saponification, Rosiu, 2.1. 
Saponification, Various methods, 
105 , 

Scouring and fulling soaps for 
wool, 98. 

Scouring powders, 61. 

Scouring soap, 61. 

Semi-boiled lanndiy soaps, 49. 
Semi-boiled process, 44. 

Shaving cream, 90. 

Shaving powder, 90. 

Shaving soaps, 87. 

Silica and silicates. Determina- 
lion of in soap, 148. 

Silk dyeing, 102. 

Silk industry, Snaps in, 

101 . 

lahber, 32. 

mitli method for moiefure in 
soap, ^138. jl 
Soap analy.sis, 137. 

Soap, Automobile, 41. 
l^ap, Tarbolic, 77. 

Soap, CaBtile, 79. 

Soap, Chip, 54. 

Soapj Chip, cold made, 55. 

Soap, Chip, unfilled, 56. 

Soap, Cold cream, 78. 

Soap, Coloring, 75. 

Soap containing phenols, 77. 
Soap, Curd, 71. 

Sojtlf, Defined, 1. 


Soap, Determination insoluble 
matter, 143. 

Soap, Determining glycerine in, 
149. 

Soap, Rschweger, '81. 

Soap, Floating, 62. 

Soap, Formaldehyde, 78. 

Soap for wool, Scouring and 
fulling, 98. 

Snap, Full boiled, 35. 

Soap, Iodine, 78 
Soap kettle, 31. 

Soap, Laundry. 48 
I .Soap, Liquid, 94 
I Soap lye Cfude glyceiine, 113. 
Soap, Marine, 39. 

Soap, Medicinal. 7o. 

Soap, Medicinal, Jev" iini'oi taut, 
78. 

Soap, Mercury. 78. 

Soap, Metallic, 1. . 

Snap, Peroxide, 78 
Soap ponders, 5 ft. 

Soap, Pumice or ^and, 93. 

Soap, Rosin ‘oitled, 50. 

Soap, Run ami glued up, 69 
Soap, Scout iiig, 6). 

Soap, ScmHboiied I.iiTmliy. !'» 
Soap, .Shaving, ^<7.« 

Soap, Sulphur. 77 
Soap, T.annin. 78. 

I Soap, Tar, 77. • 

! Soap, Test for color of, 133. 

[ Soap, Textile, 98. 

I Soap, Toilet, 65. * 

Soap, Toilet chra|ier, 68 
I Sojp, ToiJi'f, cold made, 72. 

I Soap, Toilet perfuming and col 
oring, 73. 

I Soap, Tr.ansparcnt, 8J. 

, .Sqap, Transiwycnt. ei Id made 

^ 84 . 

Soap used for tolton goi>d.s. U13« 
•Soap used in the silk imlustiy. 
101 . 

Soap, Witch harel, 78. 

Soap, Wool tliiower’s, 10(1. 

Soap, Worsted finishing, 101. 
Soda ash, 

Siiiliiim caihiin;^i', 28. 

Sodium pel borate. iJsc in 
soap powders, 57. 

.Soft soaps, 40. w 

.Soluble mineral mailer delm, of 
M in fats and oils, 17.1. Note on 
’ method, 187-188. 
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Solvay process, 28. 

Soya bean oil, 14. 

•Spent lye, Recovery of glycerine 
frJPm, 106. • 

Spent lyes, 37. 

Spent lyes, ^ Treatment of for 
glycerine recovery, 107. 

SpliltHng fats with ferments, 121. 

Standard methods of analysis f<>r 
fata and oils, 165-19&. 

Starch and gelatine, Detetinina 
tion in soap, 143. 

Steal ic arid, 15, 19. 

Stearin, 2, 19. 

Strengthening ch.ingc, 3to. 

Strengthening I>es, 38. 

Sirunz crutchei, 63. 

Sugai in soup, iMernnnation of, 
I'O. 

Sugar, Use m transpaient snap, 
83. • 

Sulfate of alumina, Use of m 
spent lyes, 108. 

Sulphonatcd oils, 104. 

Sulphur soaps, 77. 

Sweating of soap, 62. 

Sweet vntor, 119.« 

.Sylvie aci^ 412. 

T 


Talgol, 96. 

Tallow, 4. • 

'I'allow, I'ullerN' e.iith bleaihing 
of, 4. - 

Tallow, Improving color by ex* 
* traction of free fatty acid, 6. 
Tannin soap, 78. • « 

Tar soap, 77. 

Test for color of soap, 133. 
Testing of alkalis used in soap 
m:<king, 1.34^ 

Textile soapsr 98. 

Titer, 130. 

'I .ink cans, Sani)»ling, 1(>6, 
rieieeh. Sampling, 168. 

'l iter, Standard method, 175. 
Titer, Note on, 18‘^ 

Tinguil, Note one iudiiie, miiii- 
ber of, 189 • 

Voilet soap, 

Tcdlet sonps; Cheaper, 68. 

Toilet soap, Use of hardened oils 
inp 96. 


Total alkali, Determination of in 
soap, 147. 

Total fatty and resin acids, De- 
termination of in soap, 144. 
Train oils, 20. 

Transparent soap, 82. 
Trausparont soap, Cob! maile, 
84. 

Troweling soap, 52. 

Tsujimoto, ref., 20. 

Tubes for traiisjiiireiit soaji, 85 
Turkey red oil, 104. 

Twaddle scale, 25. 

Twitchell method for rosin, 145 
Twitchell process, 113. 

Twitchell process, Advantages. 
113. 


U 

Unsaponifiable matter, Deternii 
nation of in oils and fats, 132. 

Unsaponifiable matter, Determi- 
nation of in soap, 148. 

IJnsapiinihalde matter, detenu- 
illation of bv standard metlnnl, 
176. 


V 

Vacuum Oven, Standard. 170. 
Vegetable oils, 6, 


Water, 29. 

Water, Hard, 29. 

Witch hazel soap, 78. 

Wool thrower’s soaj), 100. 
Worsted finishing soaps, 101. 


Z 

Zinc oxide. Use of in autoclave 
saponification, 120. > 

Zinc oxide, Use of in soap, 33 
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Aerial Navigation. Dumblcton. Demy Svo ISs 6d 
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Aeroplane Construction, ('amni. Demy Svo .... 78 6d 

Agricultural Arithmetic. Ncwsham. Crown Kvo . . . . 6i 

Agricultural Facts and Figures. M’Conuell. b'cap. Svo . . 15 s 

Agricultural Geology. M'Connell. Svo .... . . Sis 

Agricultural Surveyor’s Handbook. Bright. Fcap. Svo . 8s 6d 

Agricultural Tenancies. Curtis and Gordon. Dciny 8 m) . . 10 s 6d 

Agricultural Valuer’s Assistant. Bright. Crown Svo . 78 6d 

Agriculture. Wrightsou and Newsbam. McU. Svo . ISs 6d 

Air Screws. Riach. Demy Svo 10 s 6d 

Aircraft Identification Book. Matthews. Fcap. Svo . . 8s 6d 

Alphabets, Ancient. Delamottc. Oblong Royal Svo . . . . 6i 

Alphabets, Modern. IDelumottc. Oblong Koy.al Svo . . . . 8i 

Alphabets and Initials, Medieval. Delamottc. Small 410 .6s 

Alternating Currents. Lamer. Crown Svo 58 

Alternating Currents. Kempe. Crown Svo . IcQd* 

Appraiser’s Pocket Assistant. Wheeler. Royil 32mo ... 6s 

Architectural Perspective. J^erguson. Svo 58 

Architecture, Mechanics of. Tam. Crown Svo 8s 6d 

Arithmetic, Revision. Thomas. Crown Svo 2 s 6d 

AsphalL and Allied Substances. Abraham. Demy 8\u . . 42 | 

Assaying, Gold. Phillips. Large Crown Svo 68 6a 

Astronomical Glossary. ' Gore, Small Crown Rvo 8s 6d 

Astronomy : Visible Universe. Gore. Demy Svo . I61 

Anetioneers : their Duties and Liabilities. Squibbs. Demy Svo . 15 s 

AvUtion A*B.C. Pag^!. Medium Svo 15 s 

Aviation Pocket Book. Matthews. Crown Svo 6d 

Aviation Engines. J^aa^*. Medium Svo ^ ^ I81 

Aviation Terms (Glossary of). Page and Montariol. 1 1. Sve . . 6s 

Aviation Chari Pag£. Pocket-size f 2 l 6d 

lUama ; Experiments oil Guy. Medium Svo Ss 

Bees for Pleasure and Profit Samson. Crown Svi> . . Is 6d 

Pnmaee Calculations. Stevenson. Fcap. Svo .... 6s 
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Blowidpe in Cbemistri, Mineralogy, ftc. Ross. Ctohh 8vo . . 8f 

Bdler Conetmetion. Hutton. Medium 8vo 21 f 

Boiler and Factory Cbimnej^. Wilson. Crown 8vo . . . . 4 i 

Boiler HiUdng and Plating. Horner. Large Crown 8vo . . 12 i 6d 

BoUeift : The Lancashire Bdiler. W'ansbrough. Demy 8vo 6s 

Boilers. Wilson. i2mo 6l 

Boilers, BconOmisers and Superheaters. Smiih. Demy 8vo . . 9 b 

Boot Repairing. Lawrencc-Lord. Crown 8vo 5 s 

Bread and Biscuit Baker's Assistant. Wells. Crown 8vo Bs 

Breakfast Dishes. Allen. Fcap. 8vo Is 6d 

Brewing. Wright. Large Crown 8vo 16 s 

Bricks and Tiles. Dobson .ind Scarle. Crown 8vo . 7 s 6d 

Bridge Construction in Cast and Wrought Iron, lluniber. 4to £6 16 a 6d 

Bridges, Oblique. Watson Durk. Royal 8vo . . IBs 6d 

Builders' Accounts. Keen, (’rowii 8vo 5 b 

Builders' Calculator. Smith, y"' x 3' Bs 6d 

Building Construction. AlJcii. MedJutn 8vo 9 s 

Building Inspection, rurchasc. Crown 8vo 81 6d 

Building - Every Man His Own Builder. Samson. DemySvo. . 158 
Bungalow Residences. Hariison. Demy Kvo . . . . 78 6d 

Cabinet Maker's Guide. Bitmead. Crown 8vo . Ss 6d 

Calculator Number, Weight and Fractional. Chadwick. S\o . . BSs 

Calculator ^yghtf. Ilarbcn. Royal 8vo £1 6s 

Carburatiouf Brewer. Dcruy 8vo IBs 6d 

Carburettors : Gasolene and kerosene. Pag^.. Crown 8vo . IBs 

Carpentry and Joinery. Trcdgold. Crown 8vo 68 

Chemical Analysis (Standard Methods of). Scott. Royal 8vo . . 45 s 

Chemistry ^Applied). Tinkler and Musters. Medium 8vo . IBs 6d 
i/hemistry (The Elements of). Bassett. Crown 8vo .... 6s 
Chemistry for Army mud Matriculation Candidates. Martin. 

Crown 8 VO- .... B86d 

Chemical Technology (Manuals of). Edited by Martin. Royal 8vo 

L Dyestuff and Coal-Tar Products 9 s 

n. The Bare Earth Industry f . 9 t 

UL Industrial Nitrogen Compounds and Explosives ... 9 b 

JV. Chlorine and Chlorine Prodnots . . , . * . .98 

V. Sulphuric Acid and Sulphur Products 9 s 

VL The Salt and Alkali Indnstry 98 

Vn. IndnstrialsGases 9 s 

‘^in. The Minor Elements In Freparation 

VL. Oils, Fats and Waxes 1 %I 6d 

JL Perfumes, Essential Oils and Fruit Essences . . IBs 6d 

Chemutry'-Indnstrial and Mannfaotnring Chemistry : Fart L— 

Organic. Martin. Royal 8vo £1 16 b 

Chemistry— Industrial and Mannfaotnring Chemistry : Port IL— 


Inorganic. Martin. Royal 8vo. In a Volumes, Per vol. . 28 s 
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Civil Engiseering Types and Devices. Barber. D..iny 8vo 9s 

Clerk o! Works. Metson. Crown 8vo 3s 6d 

Clock Repairing and Making. Garrard. Crown 8vo . .08 

Coal and Iron Indnstries o! tbe United Kingdom. iMeade. 8vo £1 8s 

Coal Mining. Glover. Crown 8vo ■ 2s 

Coal Mining, Practical, ( ockin. Crown 8vo . 6s 6d 

Coal Mining Notes and Formulae for Students. .Mcrivalc. Small 

Crown 8^•o 3s 6d 

Cocoannt Cultivation. Cogblan and Ilmchley. Stu. Crown 8vo 4s 
Coffee : Cultivation and Preparation. Ggarte In lUepaiaiton 

Coking Practice. Byrom and Christopher— 

Volume I. Raw Materials and Coke. Demy 8vo . 10s 6d 

Volume II. By-Products. Demy 8vo . lOs 6d 

Colliery Working and Management. Buhnan and Rcdm.iync. 

Medium 8v<) New Ed. Puparing 

Commerce, Lessons in. Ganibaro. Crown 8vo 5s 

Commercial Correspondent, Foreign. Baker. Crown b\o . Ts 6d 

Compressed Air Work and Diving. Boycott. Mediiini 8vo lOs 6d 

Concrete : its Nature and Uses. Sutdifle. Ctown 8vo . 10s 6d 

Concrete for House, Farm, and Estate. Ballard. Demy Svo . Ss 6d 

Confectioner. Modern Flour. Wellsk. Crown Svo .... 2s 
Confectionery. Ornamental. Wells. Crown Svo . , . • 7s 6d 

Continuous Railway Brakes. Koynolds. Hvo .9s 

Controllers for Electric Motors, jaitus. Demy Svo . .21s 

Creation, The Twin Records of. Lc Vaux. Svo . .58 

Curves, Tables of Tangential Angles and Multiples. Bcaznley . 5s 
Dairying (British and Colonial). Sutherland Thomson. Demy Svo 9s 
Dairying Industry. Sutherland Thomson. Demy Svo * . 10s 6d 

Dairying : Milk, Cheese and Butter. Oliver. Crown 8vo Nciv Ed. Preparitnf 
Dangerous Ooods. I’hillips. Crown Svo ! * . . 10s Od 

Decorator’s Assistant. Small Crown Svo 2s 6d 

Deep-Level Mines of the Rand. , Denny. Royal Svo . . ^s 

Dentistry (Mechanical). Hunter. Crown Svo . . .68 

Drasel or Blow-Combustion Oil Engine. Wells & W.iliis-Tayler. 8\’o lOs 6d 

Drawing. Tyne ^ Ss 6d 

Dredges and Dredging. I’relini. Royal Svo 24s 

Drilling lor Gold and Other Minerals. Denny. Medium Svo . 12s 6d 

Dynamics (Notes on). Thomas. Demy Svo 6s 

Dmmo (How to Make). Crofts. Crown Svo . . 2it^ 

D^iamos (Alternating and Direct Current). Sewell. Lge.^. ^vo ^ w 
D^amos (Management of). LummiS'l’atcrbon. Crown Svo 68 

Earthenware, The Manufacture of. .Slndeman. Crown Svo » 12s 
Earthwork Diagrams. Kr>.kine-Murray and Kirton. 68 ; mounted, 78 6d 

Euthwork N^uaL Graham. iSmo Ss M 

TaMas. Broadbent and Campin. Crown Svo . . . 6l 

. . . 8i6d 
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Electric Light Fitting. Urquhart. Crown 8vo 68 
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Electric Lighting and St«^g for Motor Cars. Cnr^s I-J, Preparing 
Electric Lighting and Heating. Walker, l-'cap. 8vo .... 58 

Electric Motoas. Crocker and Arendt. Mediinn Svo .... 218 
Electric Power Stations. KUngenherg. ( rown 4(0 . .288 

Electric Ship-Lighting. Urqulnut. Crown 8vo . Ss 6d 

Electric Spark Ignition in Internal Comhnstion Engines. Morgan. 

Medium 8v() Ss 6d 

Electric Traction and Transmission Engineering. Shddon and 

Haiisraami. Large Crown bvo 218 

Electric Wiring Diagfams and Switchboards. Harrison. C rown 8vo . 158 
Electrical Calculations (Elementary). Sloanc. Crown 8vo . 15s 

Electrical Circuits and Connections. Uowker. Medium 8vo. early Ready 
Electrical Dictionary. Sloane. Large Crown 8vo .218 

Electrical Engineering (Elementary). .Alexander. Crown 8vo . 58 

Faectrical Engineering. Sewell. Large Crown 8\'o . 8s 6d 

Electrical Installation Work. Havido 'k. Demv 8vo . .15 b 

Electrical Transmission 0! Energy. Al>lx)tt. Royal 8vo . . SOs 

Electrical Transmission of Energy— Three-Phase Transmission. 

llrcw't D(!n)ViHvo 98 

Electrical a«d Ifagnetic Calculations. Atkinson. Crown 8vo . . 128 

Electricity as Applied to Mining. Luptiui. Meclinm 8vo . . 128 6d 
Electricity in Factories and Workshops. H.tslani. Large tr. ^vo . 8s 6d 

Electro-Plating. Itrquhart. Crown 8vo 7s 6d 

Electro-Plating. Watt. Crown 8vo 58 

Fatctro-Plating and Electro-Refining of Metals. Watt and 14ulip. 

* Laigc Crown «vo 158 

Electro-Typing. T'lqnharl.* Crown 8vo 5 b 

Embroiderer’s Book of Design, inlamotto. Oblong Svo . . . Sa 

Engineering Chemistry. I'hdlip?. ( roivi <Svo .W.c Ld. Preparing 

Engineering Driving. Maxton and Malden. Crown 8vo . Ss 6d 
^Engineering Estimates, Costs, & Accounts. A Coni'ral Manageif 8vo 98 
En^eering Progress (1888-8). Humber. ^Imperial, 4to, half 
inoroceo .... Trire £12 128 ; each volume, £8 88 

Engineering Workshop Handbook. J’ull. Royal ihino 

Arte Ed, Xtarly Ready 

Enitneer’s Ha^dbwk (Practical). Hutton. bTcdiuin 8vo . .218 

Engineer’Hb Measuring Tools. Pull. Crown 8vo . ^ 6d 

Engineer’jk Mechanic’s, Architect’s, Builder’s, &c.. Tables and 
Hbmoranda. SmitJi. Waistcoat-pocket size New Ed. Preparing 
Engineer’s and Millwright’s Assistant. Templeton. i8mo . ' . Ss 
Engineer’s Year-Book. Kempe. Crown 8vo Annually SOs 

Engineering Standards Association’s Reports and Specifications. 
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I mtiw n M *! Pocket Companion. Reynolds. Royal i8mo 8a 6d 

BntUah Literature, A Handbook oL Dobson. Crown 8vo . 6e 

Entropy u a Tangible Conception. Wheeler. Demy 8vo . 8c 6d 
Ezeayatlon (Earth and Rock). Prelini. Royal 8vo . •*. 81 i 

ExploaiTea—^High Explosives. Colvcr. Royal 8vo . • £8 8c 

Explosivec— Hitro-Ex^osives. Sanford. Demy 8vo . . 12 s 

Factory Accounts. Garckc and hells. Demy 8vo . . . . I5g 

Farm Account Book. Woodman. Folio lOs 6d 

Farm Gas Engines. Rrale. Crown 8vo Gs 6d 

Farmers' Tables and Memoranda. J'rancis. \Yair<tcoai']iO(.kct 

size 2s 6d 

Farmers’ Labour and Account Book. .S.ixby. hrajj I’olio Bs 

Farming, Practical, .^liophfid. Demy 8vo 5s 

Fertilisers and Feeding Stnlfs. Dyer. . . A't,,* Ed. Pn jmnng 

Fertilizing Materials. Mining and Manufacture. Llu>d. Crown Svo IBs 
Fire Protection in Buildings. Holt. Demv 8vr> . ‘ , .9s 

Forcing Garden. Wood. Crown Svo . 4 s 

Foreshores. Latham. Crown «Svo . . 2 s 6d 

Forestry, Practical. Cm tis. Ciowu 8vo .6s 

Forestry : Complete Yield Tables for. Maw. Oblong Ts 6d 

French Conversation, Guide to. De Fivas. 321110 2 s 6d 

French Grammar : De Fivas’ New Grammar qf fVenoh 


Grammars * . 2 s 6d 

Key to the Above 8s 6d 


French Grammar, Elementary. Dc Fiva'^. Crown Svo Is 6d 

French Language : Introduction. De Fivas. Crown 8vn 2 s 6d 

Fretcntting, The Art of Modern. Makinson, (jown Svo . , . 2 s 6d 

Founders’ Manual. I’ayne. (’iwii Svo 24 ? ' 

Gas Engine, A Handbook on the. llaedcr Fluskisson. 410 . 80 s 

Gas Engine Handbook. Roberts. Ciown Svo . . 12 s 6d 

Gas Engineers’ Pocket-Book. O’Comior. Crown Svo. . 128 6d 

Gas Manufacture, Chemistry of. "Royle. Dnny Svo . . 16 s 

Gas andjOil Engine Management. lialc. Crown Svo * . Ss 6d^ 

Gas&tting and Appliances. Briggs .mid Heuwood. Crown Svo 6s* 
Geometry of Compasses. & B>Tne. Crown Svo .... 3 s 6d 

Geometry for Technical Students. Sprague. Crown Svo . .28 

Gold Extraction, Cyanide Process oL Eissler. Svo 8b 6d 

Gold, Metallurgy of. Eissler. Medium Svo .. 4, ... 26 s 

Gold Mining Blachinery, 'I'inncy. Medium Svo . . . l^Md 

Gold^Workmg : Jeweller’s Assistant. Gee. Crown Svo . *. 8i 6d 

Goldsmith’s Handbook. Gee. Croi^ Svo .'*,.68 

Granites and our Granite Indnstries. Harris. Crown Svo. . 8s 
Oraiing. The Complete Graaier, and Farmer’s and Cattle Breeder’s 
^ Assistant. Youatt, Fream and Bear. Royal Svo . .86s 

— ' fftv Mining Students. Lodge and Harwood. 

ifU 6d 
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HendyboidKi lor ffandhrilti. Hasluck. Crown 8 vo. 

Metal Tanier*f Handjbook It M 

Wood Tomer*! Haadjbook It 6 d 

Watoh Jobber*! Handy^ook li 6 d 

Pattern Maker*! Haadybook li 6 d 

Meehaaio!! Worlohop Haadybook . . . l! 6 d 

Model Eagiaeer*! Haadybook . ■ . . . l! 6 d 

dock Jobber*! Haadybook . . l! 8 d 

Cabiaet Worker’s Haadybook l! 6 d 

Woodworker’s Haadybook Is 6 d 

Heat« Expaasioa of Straotares by. K^ily. Crown 8 vo ... 4s 
History : Medisevid Heresy and the Inqaisition. Turberville. 

Derny «vo . • IDs 6 d 

History : The lafluence of the French Bevolntioo in English 

History. Brown. Demy 8 vo 8 s 6 d 

History : The Wars of the Boses, 1877-1471. Mowat. Demy 8 vo ?! 6 d 

Hoisting Machinery. Homer. Crown 8 vo Ss 6 d 

Hortienltnial Hote-Book. Newsham. Fcap. 8 vo ... 7s 6 d 
Hot Water and Steam Heating and Ventilation. iCing. Med. 8 vo . 2l! 

Honse Owner’s Estimator. Simon. Crown 8 vo ds 

Hoase Painting. Davidson. Crown 8 vo ?! 6 d 

Hoase Planning—How to Plan a Honse. Samson. Crown 8 vo Be 

Hoibe ProierO'. Tarbuck. i 2 mo 7s 8 d 

Hoases, Villas, Cottages, and Bangalows for Brituhers and Americans 

Abroad.. Samson. Demy 8 vo 78 6 d 

Hydraalic Power Engineering. Croydon Marks. 8 vo . . 12s 6 d 

Hydrostatics and Pneamatics, Handbook of. Lardner. Post 8 vo . 5s 

mpmmating and Missal Painting. Whitliard. Crown Svo 6 s 

lamination. Art of. Delamotte. Sm.dl 4 to 78 6 d 

Inflammable Gas and VaVflu in the Air. Clowes. Crown Svo . Ss 

Interest Calcalator. Campbell. Crown Svo 3s 

Internal Combnstion Engines. Carpeutf.r. Medium Svo . .388 

Inwood’s Tablet for Parchasing Estates. Schooling. Demy Svo . 9s 

* Iron and Metal Trades Companion. Downie . . . ^ . 9s 

Iron and Steel Girders (Graphic Table for Compnt|tion of Weights). 

Watson Buck. On a sheet . . . . 28 6 d 

Iron Ores of Great Britain and Ireland. Kcmlull. Crown Svo . 18s 

Iron*Plate Weigy Tables. Burlinson and Simpson. 4 to . . 25s 

Irkkation (Pimdm). Mawson. Demy Svo 12s 6 d 

Jigs, Tools and Fiatnres (Drawing and Design). Gates. Crown Svo. ita 6 d 

Jonmallm. Mackie. Crown Svo a dd 

LabcdG Disputes, Conciliation and Arbitration in. Jeans. Crown Svo 2s 6 d 
Land Vainer’s Assistant Hudson. Royal samo •. 4s M 

Lathe Design, Construction, and Operation. Perrigo. Med. Svo . I 81 

Lathe Work. Hasluck. Crown Svo di 

Law : Every Man’s Own Lawyer. Barrister. Large Crown Svo . 15 


'w Pvirjts are net. 
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Lead, Metallurgy oL Eissler. Crown 8vo . A . . . igg 

Leather Chemiitry. Harvey. Demy 8vo 15 g 

Leather Manufacture. Watt. 8vo . 15a 

Letter Painting. Badenock and Prior. Cro^n 8\o ■ 2a 

Levelling, Princinlea and Practice of. Simms. Svo . ■ , . Oa 

Lightning Conductors, Modem. Hedges. Medium Svo , . ' . 8a 
Limes and Cements. Dancaster. Large Crown 8vo . 7s 6s 

Liquid Fuels for Internal Combustion Engines. Moore. Demy 8vo ISa 
Lockwood’s Builder’s Price Book. Crown 8vo . Annually 7s 6d 
Locomotive Engine. Weatherbum. Crown Svo . 8s 6d 

Locomotive Engine Development. Stretton. Crown Svo ... 5s 
Machine Shop Tools. Van Dm'oort. Medium Svo .... 88s 
Magnetos for Antomobilists. Bottone. Crown 8vo' 8s 6d 

Marble and Marble Working. Renwick. Medium 8vo .16 b 

Marble Decoration. Blagrove. Crown 8vo 4i 

Marine Engineer’s Guide. Wannan and Lindsay. Lge. Crown Svo. 

In 2 vols. 

Arithmetic kii. Preparing 

Elementarys, Verbals, and Drawings New Kd. Preparing 

Marine Engineer’s Pocket-Book. Wannan. i8m<> 7s 6d 

Marine Engines and Boilers. Bauer. Medium 8\’o ... 25s 

Marine Gas Engines. Clark. Crown 8vo . ^ . 10s 6d 

Marine Steam Turbines. Bauer. Medium Svo . 18s 6d 

Marine Works. I.atliaui. Demy Svo. ... Nearly Ready 

Masonry. Purchase. Royal Svo 9g 

Masohry Dams from Inception to Completion. Couitnry. Svo 10s 6d 

Measures (British and American). 1^'olcy. Folio . 8s 6d 

Measuring and Valuing Artificer’s Work. Dobson and 'lain. 

Crown 8vo 8s ^ 

Mechanical Engineering Terms (Lockwood’t ' Dictionary of). 

Homer. Cnjwn Svo 9s 

Mechanical Engineer’s Pocket-Boqk. Clark and Powks. Small Svo 78 6d 
Mechanical Handling and Storing of Material: Zimiuer. ( Royal 

8vo V New l,iL Nearly Ready, about £3 Ss * 

Mechanics Condensed. Hughes. Crown 8vo Ss 6d 

Mechanics of Air Machinery. Weisbach. Royal Svo . .258 

Mechanics’ Workshop Companion. Tciu])lcton & Hutlon. j'cp. Svo 7s 6d 

Mensuration and Gauging. Mant. i8mo ' ds 

Metal Plate Work (Principles and Processes). Barrett. wn Svo 
Metal-Turning. Horner. Large Crown Svo . . \ ^ ISl^M 

Metrology, Modem. Jackson. Large , Crown 8vo ^ 128 fid 

Military Observation Balloons. Widmer. Crowu Svo . 16s 

Milk and Cream TvSting. Thomson and Lowe . New Ed. Preparing 

Milling Machines. Horner. Medium Svo 15f 

Mine Drainage. Michell. Royal Svo 85s 

Mine Rescue Work and Organisation. Bulman and Mills. Demy Svo 18a 

* All Published Prices are net. 
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Mins WEKon and it9tLtil>rication. rainely. Medium 8vo . 78 

Mineral Property. The Valuation of. O’Donahuc. Demy Svo 8i 
Hinwals and Mining (Earthy). Davieft. Crown Svo . 128 ' 

Minej^8l8 and Mining (MetaMeroua). Davies. Large Crown Svo 128 ' 
Minen and Metallurgists. Kcket-Book for. I’owei-. I Vap. 8\ o . 78 i 

Miners Handbook Milne, l eap. Svo 7g i 

Mining. British. Hunt. Super tioyal Svo 4 

Mining Calculations. D’Donahue. Crown 8\f) . . . . 4g i 

Mining Examination Questions (1.200), Kerr. Demv Svo 2s I 

Mining, Physics and Chemistry of. byrom. Crown Svo . 

Mining : Machinery for Metalliferous Mines. Davies. Medium Svo 2 

Motor Car (hitechism. Knight. Crown S\o 38 ( 

Motor Car Construction. Brewer. Demy Svo I 

Motor Cycle Overhauling. Shepherd. Crown S\’u . 28 I 

Motor Lorry Design Construction. Schaefer. Medium Svo . 11 

Motor Vehicles. L'raser and Jones. Medium .11 

Museum of Science and Art. Lardncr 2! 

Naval Architect's and Shipbuilder's Pocket-Book. Mackrow and 

Woollard. Leap. Svo K 

Oils and Allied Substances. Wright. Demy Svo Sav Sid. Preparir 
Oil-Field Development and Petroleum Mining. Thompson do. 

Oil Palna Cultivaiym. Milligan. Small Crown Svo . . . . i 

Or» Deposits «f South Africa. Johnson. 

Part n.— The Witwatersrand and Pilgrimsrest Goldfields and 

Similar Occurrences. Demy Svo • 

Packing-Case Tables. Kichardson Oblong 4 to { 

Paints : Their Chemistry and Technology. 'J'oeh. I<o\ al Svo . . 3( 

Paper antf its Uses. Dawe. t iown Svo Ss 6 

'l^per-Making. C1ap})crton. Crown Svo 7 g 3 

Paper-Making. Watt, ^laawn Svo 8s 6 

Paper-Making, Chapters on. Be:ulJ<-. f, vcjK. Crown S\o. 1‘er vol. f 
Pastrycook and Confectioner's Guide. Wells, ( rriun c'vo. S 

Patent-Rights. I liardinghafri. Demy 8vo l\ru- J-.d. Preparitt 

Pattern Making. Barrows. Crown Svo -. . H 

Pattern Making. llormT, Large (Vown fivo { 

Petrol Air Gas. O'Connor. Crow a S\ o . . fis 6 

Petroleum and its Substitutes, Chemistry of. 'imkkr .iml (luiL 

Jej.gcr. Medium 8vo IS 

P^tfbleum, Oijl^ields of Russia and the Russian Petroleum 

, Industry. ^ Becby I'hompbon. Koyal 8vo 21 

Pigmen^ An Artists' ManuaL Standugo. Crown Svo . . 8 

PortUtfuTement Industry. Brown. Medium 8vo Ed. Preparw 

Portland Cement, The Modem Manufacture oi West.* Koyal Svo. 

In 2 volumes Sew Ed. Preparin 

Pot Plant Cnltnre. Davidson. Crown Svo S early Read 

Poultry Farming : Commercial. Tuovey. Crown 8vo .... I 


All Published Prices are net. 
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Prodneer Gu Practice (American) and Indmtrial GLi Engineering. 


Latta. Demy 4 to 80i 

Propagation and Pruning. Newsham. Demy 8vo . 7a 6d 

Proapecting. Merritt. Fcap. 8vo . . ^ . 4 6a 

Prospecting for Gold. Raiikin. Fcap. 8vo . . ,7a 6d 

Prospector *8 Handbook. Anderson. Small Crown 8vo .68 

Pumps and Pumping. Buie. Crown 8vo ... . . 5 b 

Punches, Dies, and Tools. Woodworth. Mcdinu) 8vo . 288 

Radiodynamics. Miessner. Crown 8vo . ISs 

Badiotelegraphy, Elements of. Stone. Crown 8\(j . 16s 6d 

Bating and Assessment. Webb. Demv Svo Ss 6d 

Receipts, Formulas, and Processes, lli^iox. Aleilium 8\o . 21s 


Recoil of Guns. R.'iu'^rnljergcr. Translated by Slater*. Demy Svo 128 6 d 
Refrigerating and Ice-Making Pocket-Book. Wallis-Tayler. Cr. Svo 68 
Refrigeration, Cold Storage, and Ice-Making. Wallis-Tayler. Mod. Svo 16s 
Reinforced Concrete Design Simplified, (ranunon & Dyson. Crown .(to 168 
Road Construction and Maintenance. GokUinith. Meduini S\'o . 21s 

Roads : The Making of Highroads. Carey, ( town Svo . * . Ss 6 d 

Roof Carpentry. C olling^. Crown bv<( 2a 6 d 

Rothamsted Experiments, l (.rown 8 \o 4s 

Rubber : its Cultivation and Preparation. Johnson. Si a- IJ. Pu’panng 
Rubber Hand Stamps. Sloane. Square Svo , « 7s 6 d 

Rubber Planter’s Rote-Book. Br.diani. T'cap. Sxo i . .** 5s 

Safe Railway Working. Stictlon. Ciown 8 v<» . . 4s 6 d 

Safe Use of Steam. By a!> Fngineer , . . 6 d 

Sailmaking. Sadler. 410 12s 6 d 

Sanitation, Water Supply, and Sewage Disposal 0 ! Country Houses. 

Gerhard. Crown Svo . 16s 

Savouries and Sweets. Misi Allen. l<a(). S\t> Is 6 d* 

Saw Mills. Bale. Cro^Mi 8 vo 10s 6 d 

Screw Cutting for Engineers, rnll. Crown Svo . . 2s 6 d 

Screw Threads. Ilasluck, WaisV oal-iJOckct s-i/e .2s 

Sea Terms, Phrases, and Words. JVjio, I c-.qi. svo f , 7s 6 d 
Sewage, Pbrifleation oL Barwi^e. Demy Svo . 12s 6 d 

Sewerage of Sea, Coast Tq^ns. Adams. Demy 8 \'o . 6 s 

Sewerage Systems. Watson and Herbert. Koval 8 \o . 128 6 d 

Sheet Metal Worker’s Ihstrnctor. Warn and Horner. Crown Svo 8 s 6 d 
Shipbuilding Industry of Germany. FeUkowski. Super Knyal 4 to 10s 6 d 
Silver. The Metallurgy of. Eissler. Crown Svo . . ' l2iS|^ 

Slide Jlnle. Hoarc. .Sm. Crow'u Svo ■ « • • 4s 

Smoley’s Tables -1. Logarithms and Squares. . ^ . 27s 

2. Slopes and Rises ^248 

8 .' Logarithmic-Trigonometric Tables . . 6 f 

Soap : The Modern Soap Indnitry. Martin ... In PrepartUton 

Soap-Making. Watt. Crown Svo 9s 

Soaps, Candles, and Glycerine. Lamborn. Medium Svo . .64a 

All Publiskei Prices are net. 
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SofaiUlitiM of InorgutB tnd Orginlo Satetmoei. SeidelL Med. 8vo 
Bptaiih Grammar and Beader. Korth, Fcap. 8vo . & 

Bpedfloation in Detail Macey and Allen. Royal 8vo . . . 

BpeeiHeation, A Short Oblong Demy ^to . . . . 

Speeiieatione lor Praotioal Arohiteotnre. Bartholomew. Revised 

9 by Rogers. 8vo 

Stanley, GnUiam Ford : His Life and Work. Inwards. Demy 8vo 2i 

Stationary Engines. Hurst. Crown 8vo 

Steam : The Application of Highly Superheated Steam to Loco- 


motives. Gnrbe. Edited by Ko!>ertson. Medium 8vo 
Steam Engine, llacdcr and Powlrs. Crown 8vo 10a 

Steam Engine. Goodeve. Crown 8vo 6a 

Steam Engine (Por&ble). VVansbrongh. Demy 8vo .... 
Steam Engineering in Theory and Practice, lliseox and iiairison. 

Medium 8vo 

Steel Research Committee’s Report Fcap. I'olio .31b 

Steel Therm^ Treatment. Urqubart. Mrdiuni .Svo, . . Scmly Re 

Steel : Elliott’s Weights of Steel. Medium 8v(> .... £6 

Stockowner’s Veterinary Aid. Archer. Crown 8vo . 78 

Stone Quarrying— Practical. GreenwcII and Elsdeu. Med. 8vo 
Stone Working Machinery. Bale. Crown 8vo . . lOs 

Strmns, lland^BOik for ^e Calculation oL Humber. Crown 8vo 7s 
Btruns on^t^tnres of Ironwork. Shields. 8vo 
Streamline Kite Balloons. Sumner. Medium 8vo 10s 

Stmctnral Engineer’s Pocket Book. Andrews. Crmvn . 

Submarine Telegraphs. Bright. Super Royal 8vo £8 

Submarine Torpedo Boat Hoar. Crown 8vo 

^Snperfidal Measurement Hawkings. Cj.wu s\n 

Survey Practice. JacJtsim. 8vo 12b 

Surveying. Whitelaw'. Ijluiy 8vo 128 

Surveying for Settlers. Crosley. Small Ciown iSm* . 7s 

Surveying Sheets tor Professional and Educational Use. ()l)lung 

Royal 8v<i Is 

' Surveying, Land and Marine. Ha.skoll. large Crown 8vo 
Surveying, Land and Mining . lA'.slon. Lurggi Crown 
Surveying, Practical. Usill and Leston. Large Crown 8vo 8s 

Surveying with the Taoheometer. Kennedy. Demy 8vo . 12s 

Surwyor’s Field Book for Engineers and Mining Surveyors. 

^Haskoll. ^own 8vo 128 


T — iwing ft Extract Mannfaotnre. Harvey. Demy 8vo ^ 

Tannu^^actioal). Rogers and Flemming. Medium 8\'q £2 12s 

TamDas (Synthetic}. Gras.ser aud £nna. Demy 8vo 
Tea Maohinery and Tea Factories. Wallis-Tayler. Medium 8vo . . 
Tbohnioal Gnide, Measurer, and Estimator. Beaton. Waistcoat- 

pocket size . . * 

Ihohnioal Iterms : English-French, French-English, I'leK her. 
Waistcoat-pocket size I * ' ' 
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Technical Terms : English-German, Oerman-I^nglish. Homer 
and llolt/Hiaiiii. Waistcoat-pocket size . . . . 8s 6d 

Technical Terms : English-Spanish, Spanish-English. Montevcrdc. 

Waist('oat']iocki;t size ^ ^ 3s 

Telephones : their Constrnction, Installation, Wiring, Operatiog, 

and Maintenance. RaclclilTe and Cushing, heap. 8vo. 9^ 

Telephones : Field Telephones and Telegraphs for Army Use. 

Stevens. Crown 8vo 8s 

Timber Merchant Richardson. Fcap. Hvo 4 b 

Timber Merchant’s Companion. Dowsing. Crown iS\o Ss 6d 

Tools for Engineers and Woodworkers. Homer. Demy 8\ o . lOs 6d 

Toothed Gearing. Homer. Crowm 8vo . . AVir A'rf. Preparing 

Traverse Tables. Lin tern. SniuU Crown 8vo . * . 8s 6d 

Tropical Agricnltnre. Jotmson. Deniy 8vo 58 

Tnnnelling. Prelini and Hill. Royal 8vo ISs 

Tunnelling, Practical Simms and Clark. Imp. 8\o . . 21s 

Tnnnel Shafts. Buck. 8vo ^ . 12s 6d 

Upholstering. Bitmead. Crown 8vo .... . 2s 6d 

Urban Traffic, Principles oL Stone. Crown 8vo .... 8s 6d 

Valuation of Real Property. Webb and Himnings. Demy 8vo 8s 6d 

Valuation of Real Property. Lamputt. Crown 8vo . 28 6d 

Valuation, Tabular Ai^ to. M’Caw and Lyons, ( roe rt 8vo js 5s 
V egetable Culture. Davidsfni. Ciown 8vo . . * Kfady 

Wages Tables. Garbntt. Square Crown 8vo . . 6s 

Watchmaker’s Handbook. Saunier. Crown 8> o . . . 12s 6d 

Watch Repairing. Garrard. Crown 8\'o 6s 

Water Engineering. Slagg. Crown 8vo 7s 6d 

Water, Flow of. Sehmeer. Medium 8\<) . . . • . IJs . 

Water Supplies. Rideal. Demy 8vo . ^ . 8s 6d 

Water Supply of Cities and Towns. Hmnber.f Imp. • £6 6s 

Water Supply (Rural), (ireenwell .iikI Curry. (*rown 8\c) . 6s 

Water Supply of Towns and ^e Construction of Waterworks, 

Burton, Super Roval 8vo . . .’ . f., . . 283 

Weight Cfficnlator. Harben. Royal 8vo 25s * 

Wire Ropes for foisting. ^^C rown ^tto .‘20s 

Wireless Telegraphy. l£isk'ine-Munay. Demy 8vo New Ed. Preparing 
Wireless Telegraphy (Framework of). Cadilhar. Demy 8 yo. . Ss 6d 
Wireless Telephones. Erskhie-Murray. Crown Svo New Ed. Preparing 
Wireless Telephony. Ruhmer. Demy 8vo . • 

Wood^ The Seasoning of. Wagner. Royal 8vo . . . • . 21s 
Wood-Carving for Amateurs. By a Lady. Crown Svo ^ 2s 6d 
Woodworking Machinery. Bale. Large Crown Svo . . As 6d 

Workshop Praotioer''Modem. l^U. Large Crown 8vo . 168 

Works’ Manager’s Handbook. Hutton. Medium 8vo .18s 

All Published Prices are tiei. 
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PRA^CAL HANDBOOKS FOR HOME STUD 


Issaed by THE JiMERlCAN TECHNICAL SOCIETY. 

Agents: CROSBY LOCKWOOD & SON. 

NOTE.' -The Prire.^ herein fjintled are based on Atnericnn Prii 
and therefore .subject to rei'ision 'toithout notice. 


Aslibriflgfe 


Air Brake. J.udy 

Alternatins-Currcnt Machinery. . 

Architectural Drawing and Lettering. Bounx^ 

Armature Winding.* Moictou .... 

Automobile Construction and Repair. Hall . 

Automobile Ignition, Starting and Lighting. Haywaid 
Bank Bookkeeping. Swortlaiid 
Blueprint Reading. I'aurlu'ld an<l Krruson . 

Boiler Acceseories. Ldand .... 

Bridge Engineering— Roof Trusses. Du four 
Building and Flying an Aeroplane. Hayward 
Building Code. Idt/patiick .... 

Building Superintendence. Nk boK . 

Building |uperint(mdence for Reinforced Concrete Structures. 
Uniting Supeaint^dence for Steel Structures. Beldcu 
Business l^glish and Correspondence. Barrett 

Carpentry, lownsond 

Civil Engineering Specifications and Contracts. 

Commercial Law. Chamberlain 
Compressed Air. Wiglitiuan . 

Contracts fmd Specifications. Nidiois 
^Corporation Accounts and Voucher System. 

Corporation Law. AblH)$t|Spiiiigcr, and C 
Cotton Spinning, llnlrirk 
Dams and Weirs. Hligli . 

Department Store Accounts, Swoetlaud 
Descriptive Astnnomy. Moulton . 

Electric Railways. Lraveth 
Electric Lighting, llaiuson 
Electric and Gas Welding. Cimvimis 
E lectrochemistry and Welding. lJii! gf“;s 
Elem^ts or Electricity. Millikan- . 

Elen^rs. JaUipgs .... 

EAmating. ^fchols .... 

Fixo Insufance Law. Hardy . 

Firepnu^Ak>nstruction. ITtzpatrick 
Ford^ IE, IJaystoii . . 

Forging. Jt’rnberg .... 

Foundry Work. Gray 
Freehand and Perspective Rawing. Bverett 
Gai and Oil Engines and Gas Producers. 
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Marks 
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Gtioline Antomobile. lx>ughced . . f . . . 

Oascdine Tractors. Hayward 

Oettiiig a Gh>od Job. Barrett 

Heating and Ventilation. Hubbard 

Hydraulic Engineering. Tumeaure and lilac^ 

Interior Electric Wiring. Nelson ^ 

Locomotive Boilers and Engines. Ludv 

Machine Design. Wallace 

Machine Drawing. Gridin and Adams 

Blaohine-Shop Work, 'l unier and Perrigo 

Mechanical Drawing. Kenison 

Meter Testing and Electrical Measurements. BushncU and TumbuU . 

Modem American Homes. Von Holst 

Modern Land and Submarine Telegraphy. Macombei 
Modem Road Construction. Byrne 

Orders of Architecture. Bourne, Brown and Holst .... 

Ozy-Acetylene Welding Practice. Kell 

Pattern Making. Ritchey and Monroe 

Plumbing. Gray and Bdll 

Portfolio of the Orders. Bourne, Brown, and Holst ... 

Power Stations and Transmissions. Shaad ... 

Practical Aviation. Chas. B. Hayward 

Practical Bookkeeping. Grifhlh ' 

Practical Mathematics. NoLih.s and Waite 

Railroad Engineering. Webb . . 

Real Property Law. Kahs . . 

Refrigeration. AhowockI . 

Reinforced Concrete. Webb and Gibson 

Sewers and Drains. Marstou and Fleming . 

Sheet Metal Work. Ne.ubccker 

Snudl Motors, Transformers and Electromagnets 

Stair Bnilding and Steel Square. Hodgson 

Standard Legal Forms. Lee 

Steam Boilers, Care and Operation. Kuss . , 

Steam Boilers, Constmetion and Design. Kuss 

Steam Engines, l.udy 

Steam Engine Indicators and ValVe Gears. Ludy • ■ 

Steam Turbines. Lcland r . . 

Steel Cottftrnction. Burt 

Storage Batteriefi. Crock^ and Arendt 

Strength of Materials, ^^aurer 

Structural Drafting. Dufour 

Surveying. Finch . 

Switchboards. Adams 

Telephony. Miller and M’Mecn .... Nev^Ed. Prept 

Ivalvjid Die Design for Beginners. Shailor 

Tool Making. Markham . 

Trigonomet^, Plane. McCarty 

Underwriters* Reatirements or Safe Eleotrioal Installations. Pierce 
Wireless : How to Become a Wireless Operator. Hayward . 

Woollen and Worsted Finishing. Zimmerman, 

Woollen and Worsted Spinning. Collins 

All Published Juices are net. 





A SELECTED LIST OF 

WEAE’S SafNTIFIC AND TECHNICAL SERIES. 

^ Arraa^ meeting io Subjects. All these Prices are net. 


Acou^tft^, Smith (ii6) 
g^gimultural Sueveying, Scott (245) 
^limal Physics, Lardner— 
Partl(i«3) .... 

Part 11 (184) .... 
Arches, Piers, &c.. Bland (1 1 1 >. 
Architecture, Ancient {128, lyt) 
Desi^i, Garbett (18) 

CreaHii, Aberdeen {130) . 
of Vitruvius, Gwdt (128) 

Orders, txeds (lO) . • . 

Orders and Styles (i(j, r; , 

Styles. Bury (ly) . 

Architectural Modellitijr, Rxchardion 

(127) .... 

Arithiiictic, VoMH/T (R.] j 

Do. Key 

Eqiiational, Iltt>sley'{sii) 

Blasting and ^iwrryiug, Bumoxne 

„ 

Boihimukois' A-ssistant, ( ourtney 



Really l-ki.koiUT, Ggiutuev (254) 
U<K)iieef.in(W8ih T . . 

foiT'anneff, (260! 

Boot and Shoe Making, Lena (2O2) 
Brass FouriduiK, Graham (162) . 
BrUj^C'utting \ Scttinf;, Hammond 
^2051 .... 

BrickI.'iyinpf '//aaiwioMf/ ( 1 80) 
Bdekwark, ^Valker (2*52) . 

>Bndges (Iron), Vendted t2fio) . 

(I'ubui.irand Giroer), lmnpSfv\j[ 3; 
Buildin.!;, Beckett (2of>) . 1 

Estates, Maitland (247) . 

Science of. Tarn (sh7) . 

Calculus, OilleruUial, Wwlhpuse 

{!«) . .3 . . . . 

Cari^ntry und .loinery, Tredgold, 
Plale.s, 4to (182*). 

Cattle, Sheep, & Horses, Burn (r42) 
Cenieiits, Pastes, Glues, Standage {27 
Circular -Woi^iaJtarpentry, Colhngs 

CdiOfii 


Ca^ii^iuildinf;, Jbmess (224) . 

lininli, .Swi^li.So) . 
Colpuiini;, ^ranminr of. Field (186) . 
Compound fulercst and Annuities, 

. . . 

Cotta^BuildiiiR:, Allen t42) . 

Ganlcnin^, Hobday (a.32) 

Dairy, Pigs and Poultry, Bum (145] 
Decoration. Elementary House, 
Fscey (229) . . . t 


?/fl 

2/fa 

4/fa 

j/6 

t 

$ 

5/- 

2/6 

5/- 

2/6 


2/fa 

2/- 


llotLse, 


Dcconition, Practical 

Faeey {257) 

Drafniug & Embanking, Scott (239) 
Drawing and Mea.<niruig Instru* 
ments, Heather (168} . 

Dwelling Houses, Brooki (132) . 
Edectric Lighting, SwinUm (282) 
barm Roads and Fences. Scott 

, ^(24t) 

Farming Economy, Bum (141) 
Fouuilutinns, &c., Do^on (44} . 
Prench Polishing, Bitmead (281) 

Fruit Trees, Da Breuil (177) . 

Garden Receipt-?, Quin (233) . 

Gas Works, Huyhes & O'Connor {212) 
Geology, Historical, Tate (173) . 

l»hysical, Tfl/r{i74l. . . 

Geometiv, Analytical, //ann (90) 
Descnjdivc, Heather (76) 

PLine, Healhet (178) 

Graflmg and Budding, Ballet (231) 

Hall-Marking of .IcwcJIery, Gee (249) 
_ , 


2/0 

2/fa 

J/h 

S'fa 

2/0 

Ah 

2h 

7/6 
3. 'fa 
fa) 3/b 

3/0 

3/6 

Ah 

3/6 


Hand tailing and Staircasing, 

/Digs {2 jo) .... 

Hr.ilrh, M.iiuigmient of, Batrd (112* 
House Book (1 12, Ji2*, 194) , 

Decoration, Facty {229, 237) 

Manager (194) .... 

Ilum.'iii UndcTstandipg, Locke (i.*i3) . 
Inig.dion and Water Supply, Scott 

, (24t>) 

Joints Dsod by iluildcrs, Christy 

(2^6) 

Kitchen Gardening, Clenny (201) 

Land. Kratlv Rirkoner, Arman (fir) 
Lauded Estates Management. Bum 
■ (208) . 

Light, 7'a/n (afao), 

Locoiiioiivc I'ngjue Driviioif, Bey- 
milJs (233) .... 
IviigiiKp:. M(k 1 c 1, Reynolds (278) 
Logarithms. (204*) 

Logic, Fmmens {150) . . . _ 

Marhmcrv, l>etaiLs of, C ampin (236) 
Marine Engineering T'lli>ini*ntary, 
Brewer (27^) .... 
Masemry and Stone-Cutting (25) . j 

Masting and Rigging, Kippiny (54^. '•] 
MatPilals & Construction, Campm f ' 

Mathematical InAruments, Heather ^ 
(168-9-70) .... 
Mathematical Tables, Law 
Young (204) .... 
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Woolhausi [iii] . . .3/- Koatls and Slrorls, Lcictf, C 7 «rA, aierf 
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Mechauieal Engnieenng, Campin Sruhnaking, (Hiji . .. 
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. 3''o 

(31) . ./ ■ . 
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. ■:/- 
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Gerinau Kcader, Slraus'i (40) 

IIi*bn*w Diciion.in'. ltr,'<i<ilau- 


(ireek and English (15) . 

. ■?'- 

Hebrew and l'ngli>-li lit) 

7 /> 
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. 0 
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.r'» 

Gnuplete in i vol. . 

. 

Hr blew Gra/ Lin. II, /bes^/an (to*) . 
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. 2/- 

I’leiiih a^d 1-ngli-h I'hr.ise P-ook 


Dictionary, GooJmn — 


U 7 ) , . 

X, 0 

Latin and English (20) . 

. 2 '6 

ComjMTiiiton aiul 1‘iiiu tuainm, Dre~ 


English and Latin (22; . 

. 2'- 

nan {48) ..... 

, Deriv.it'Ve hiiglif-li Sp.lling, Rtn 

2/. 

Complete 111 i vol. . 

• s.'- > 
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Italian Grammar, hliveA (271 . 

• 2/- 1 

1 bnlham (49) . ... 

Triglot Dictionary, h'lwes, English- 
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K 

Ercnch- Italian {.v>) . 

. 3,- ■ 

I’orfugnesc Gr.iuim.ii, /'/u"« (55) 
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8/u 
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. 2/ri 
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. h.O . 
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